
A. INGREDIENT NAME:

DIAMINOPYRIDINE (3.4-)

B. Chemical Name:

3,4-Pyridinediamine

C. Common Name:

3,4-DAP, CSH7N3

D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

98+V0

E. Information about how the ingredient is supplied:
———_

Pale brown crystalline powder

F. Information about recognition of the substance in foreign
pharmacopoeias:

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

McEvoy, K. M. 4-Diaminopyridine in the treatment of Lambert-Eaton myasthenic
syndrome. NEngl JA4e~ 1989; 321:1567-1571.

Russell, J. W. Treatment of stable chronic demyelinating polyneuropathy with 3,4-
diaminopyridine. A4ayo Clin Proc, 1995; 70:532-539.

Newsom-Davis, J. Myasthenia gravis and the Lambert-Eaton myasthenic syndrome,
Prescribers’ ~ 1993; 33:205-212.

McEvoy, K. M. Clinical evaluations in myasthenic syndromes. NEnglJA4ed 1989; 321:
1567.-__—_



~.

Bever, C. T., Anderso~P. A., and Leslie, J. Treatment with ora13,4diaminopyridine
improves leg strength in multip!e sclerois patients: results of a randomized, double-blind,
placebo-controlled, crossover trial. Neurology, 1996; 47(6): 1457-1462.

Oh S, J., Kirq D. S., and Head, T. C. 3,4-diaminiopyridine, which is not readily available
in the United States, is recommended as the preferred drug for LEMS. Muscle Nerve,
1997; 20(9): 1146-1152,

Ardar, B., Varli, K., and OzdiriW E. 3,4-diaminopyridine in childhood myasthenia:
double-blind, placebo-controlled trial. J ChiMNeurol, 1996; 11(6): 458-461.

AiseL M. L., Sevillq D., and Edelsteiq L. A double-blind placebo-controlled study of
3,4-diaminopyridine in amytrophic lateral sclerosis patients on a rehabilitation unit. J
Neuro[ Sci, 1996; 138(1-2): 93-96.

H. Information about dosage forms used:

Orally

I. Information about strength:

10-20mg; three to four daily

J. Information about route of administration:

Orally

K Stability data:

Melts at about 218-220° with decomposition
Incompatibilities: Strong acid, Strong oxidizing agents

L. Formulations:

M. Miscellaneous Information:
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CERTD?ICATE OF ANALYSIS

PRODUC’ENO:

PRODUCT:

NW

3#-Diaminop@dhe

We hereby certify thatbatch 03630 of the above product has been tested with the
following resultS:

Appearance:

Melting Point:

Elementi Analysis:

Nitrogen:
Carbon:

Hydrogm:

Date of&ldJ%iS:

signed”L“’-+-~~w..,.............)......

QualitY Control Manager

PaIebrown crystalline powder_&

Darkens 213°C

Found(%)

38.53
54.79

6.49

9 July 1991

30 December 199’7

Theory(%)

38.50
55.03

6.47
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QUALITY CONTROL REPORT

CHEMICAL NAME. :DIAMINOPYRIDINE (3,4)

MANUFACTURE LOT NO. :3630

PHYSICAL TEST

SPECIFICATION TE=’ sTANDARD.:usP /BP /=RcK /NF_/mTO_/coCspEcs-—-—. —

l)DESCRIPTION .:
PALE YELLOW TO YELLOW CRYSTALLINE POWDER; SLIGHT ODOR.

2)SOLUBILITY. :
SOLUBLE IN HOT WATER; SPARINGLY SOLUBLE IN ALCOHOL; SOLUBLE IN HOT ALCOHOL.

3)MELTING POINT.: K

..-. MELTS AT ABOUT 218-220de~ee WT‘I&DECOMPOSITION.

4)SPECIFIC GRAVITY. :

5)IDENTIFICATION .:

PASSES. : FAILS .:

0
COUMENTS.:ABOVE TEST IS CARRIED OUT BY VISUAL OBSERVATION DUE TO LESS AMOUNT
SAMPLE. CHEMICAL LABEL NAME ON BOTTLE - 3,4-DIAMINOPYRIDINE, 98+ ?.

ANALYST SIGNATURE.: DATE. :

PREPACK TEST.: DATE. : INITIAL. :

RETEST .: DATE. : INITIAL. :



MATERIAL SAFETY DATA SHEET

Sigma-Aldrich Corporation
1001 West Saint Paul Ave, Milwaukee, WI 53233 USA
.-.

id 5/92- 7/92

Sigma Aldrich
For Emergency Contact USA\Canada 800-325-5832 800-231-8327

Outside USA/Canada 314-771-5765 414-273-3850

D2 ,445-5

------ ------ ------ IDENTIFICATION -------------------
PRODUCT #: D2445-5 NAME: 3,4-DIAMINOPYRIDINE, 98%
CAS #: 54-96-6
MF: C5H7N3

SYNONYMS
3,4-DIAMINOPYRIDINE * DIAMINO-3,4 PYRIDINE * SC1O *

------------------ TOXICITY HAZARDS -------------------
RTECS NO: US7600000

PYRIDINE, 3,4-DIAMINO-
TOXICITY DATA

IPR-MUS LD50:20 MG/KG JMCMAR 8,296,65
SCU-MUS LD50:35 MG/KG AIPTAK 150,413,64
IVN-MUS LD50:13 MG/KG APFRAD 26,345,68
ORL-BWD LD50:75 MG/KG AECTCV 12,355,83

TARGET ORGAN DATA
BEHAVIORAL (CONWLSIONS OR EFFECT ON SEIZURE THRESHOLD)
BEHAVIORAL (CHANGE IN MOTOR ACTIVITY)
LUNGS, THORAX OR RESPIRATION (RESPIRATORY STIMULATION)
GASTROINTESTINAL (CHANGES IN STRUCTURE OR FUNCTION OF SALIVARY GLANDS)
SKIN AND APPENDAGES (HAIR)
ONLY SELECTED REGISTRY OF TOXIC EFFECTS OF CHEMICAL SUBSTANCES (RTECS]

‘DATA IS PRESENTED HERE. SEE ACTUAL ENTRY IN RTECS FOR COMPLETE INFORMATION.



------------------ HEALTH HAZARD DATA -----------------

ACUTE EFFECTS
HARMFUL IF SWALLOWED, INHALED, OR ABSORBED THROUGH SKIN.
CAUSES EYE AND SKIN IRRITATION.

~ MATERIAL IS IRRITATING TO MUCOUS MEMBRANES AND UPPER
RESPIRATORY TRACT.
TO THE BEST OF OUR KNOWLEDGE, THE CHEMICAL, PHYSICAL, AND
TOXICOLOGICAL PROPERTIES HAVE NOT BEEN THOROUGHLY INVESTIGATED.

FIRST AID
IN CASE OF CONTACT, IMMEDIATELY FLUSH EYES WITH COPIOUS AMOUNTS OF
WATER FOR AT LEAST 15 MINUTES.
IN CASE OF CONTACT, IMMEDIATELY WASH SKIN WITH SOAP AND COPIOUS
AMOUNTS OF WATER.
IF INHALED, REMOVE TO FRESH AIR. IF NOT BREATHING GIVE ARTIFICIAL
RESPIRATION. IF BREATHING IS DIFFICULT, GIVE OXYGEN.
IF SWALLOWED, WASH OUT MOUTH WITH WATER PROVIDED PERSON IS CONSCIOUS.
CALL A PHYSICIAN.
WASH CONTAMINATED CLOTHING BEFORE REUSE.

L&l
-------------------- PHYSICAL DATA --------------------

ELTING PT: 218 C TO 220 C
APPEARANCE AND ODOR

LIGHT-TAN POWDER
------------ FIRE AND EXPLOSION HAZARD DATA -----------

EXTINGUISHING MEDIA
WATER SPRAY.
CARBON DIOXIDE, DRY CHEMICAL POWDER OR APPROPRIATE FOAM.

SPECIAL FIREFIGHTING PROCEDURES
WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING TO
PREVENT CONTACT WITH SKIN AND EYES.

------------------- REACTIVITY DATA ------------ -------
z—-OMPATIBILITIES

4 STRONG OXIDIZING AGENTS
HAhRDOUS COMBUSTION OR DECOMPOSITION PRODUCTS

TOXIC FUMES OF:
CARBON MONOXIDE, CARBON DIOXIDE
NITROGEN OXIDES

--------------- SPILL OR LEAK PROCEDURES --------------

STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED
WEAR SELF-CONTAINED BREATHING APPARATUS, RUBBER BOOTS AND HEAVY
RUBBER GLOVES.
SWEEP UP, PLACE IN A BAG AND HOLD FOR WASTE DISPOSAL.
AVOID RAISING DUST.
VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS COMPLETE.

WASTE DISPOSAL METHOD
DISSOLVE OR MIX THE MATERIAL WITH A COMBUSTIBLE SOLVENT AND BURN IN A
CHEMICAL INCINERATOR EQUIPPED WITH AN AFTERBURNER AND SCRUBBER.
OBSERVE ALL FEDERAL, STATE, AND LOCAL LAWS.

--- PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE ---
CHEMICAL SAFETY GOGGLES.
RUBBER GLOVES.
NIOSH/MSHA-APPROVED RESPIWTOR.
SAFETY SHOWER AND EYE BATH.
MECHANICAL EXHAUST REQUIRED.
DO NOT BREATHE DUST.
DO NOT GET IN EYES, ON SKIN, ON CLOTHING.
WASH THOROUGHLY AFTER HANDLING.



TOXIC .
IRRITANT .
KEEP TIGHTLY CLOSED.
STORE IN A COOL DRY PLACE.

-~ TOXIC BY INHALATION, IN CONTACT WITH SKIN AND IF SWALLOWED.
IRRITATING TO EYES, RESPIRATORY SYSTEM AND SKIN.
IN CASE OF CONTACT WITH EYES, RINSE IMMEDIATELY WITH PLENTY OF
WATER AND SEEK MEDICAL ADVICE.
WEAR SUITABLE PROTECTIVE CLOTHING.

THE ABOVE INFORMATION IS BELIEVED TO BE CORRECT BUT DOES NOT PURPORT TO BE
ALL INCLUSIVE AND SHALL BE USED ONLY AS A GUIDE. SIGMA ALDRICH SHALL NOT BE
HELD LIABLE FOR ANY DAMAGE RESULTING FROM HANDLING OR FROM CONTACT WITH THE
ABOVE PRODUCT. SEE REVERSE SIDE OF INVOICE OR PACKING SLIP FOR ADDITIONAL
TERMS AND CONDITIONS OF SALE

-. -.

—-_



mine, Miosis occurs within 10 10 20 minutes of
instillation of carbachol eye drops and lasts for 4
IO 8 hours; reduction in intra-ocular pressure lasts
for 8 hours.
Carbachol is also administered intra-ocularly, 0.4
to 0.5 mL of a 0.017c solution being inslilled into
the anterior chamber of the eye. to produce miosis
in cataract surge~. The maximum degree of mio-
sis is usually obtained within 2 to 5 minutes of in-

.,e- - tra-octdar instillation and miosis lasts for 24 to 48
hours.
Carbachol has been used as an alremative to cath-
eterisation in the treatment of urina~ re[ention in
a dose of 2 mg given three times dady by mouth.
For the acute symp[oms of postoperative urinary
retention doses of 250 Kg have been given subcu-
taneously repeated twice if necessary at 30-minute
intervals. Carbachol should not be given by the in-
travenous or intramuscular routes.

Cmbacholdoes no[ readily penetrare the cornea and eye
drops are usually prepared with a wening agent to en-
hance perrewatiorr. A lipid-soluble derivative. N-demeetryl.
ated carbachol has been studwd for use in glaucoma. 1
1. Hung PT. c! al Ocular hype!ensivc effects of N-demerhyl.

awd carbachol on open angle glaucoma. Arch Ophrhalmol
1982: 100: 262-4

Ocular surgery. Some consider carbachol to ix the agent

of choice for the management of increased irrlra-ocular
pressure after cataract extraction.i 2
t. Ruiz RS, cr al Effects of carbachol and acetylcholinc on

intraocular pressure aher catarac! extraction. Am J Ophthol-
mol 1989: 10’k 7-10.

2. Hollands RH, cr al Control of intraocular pressure after
calarncr exwacnon Can J Ophrhalmo/ 1990; 25: 12S-32.

Urinary incontinence.For a discussion on the use of
parasympathomimetics in the management of urin~ in-
continence, see under Uses and Administration of
Bethanechol Chloride, p. 1113.

Proprietary Names
Carbamann. DoryL lSUPIOKarbakolin, Miosta[. Spersacarba~_

Treatment of Adverse Effects and Precautions
As for Ecoffriopale Iodide, p. 1I 15,
Prafidoxime har been reponed to be more active in coun-
teracting the effects of dyflos and ecothiopate than of de-
mecarium.

Uses and Administration
Demccarium is a quatemary ammonium compound which
is an inhibitor of cholinesterasc with actions similar to
those of ecothiopate (see below). Its miotic action begins
within abmn 15 to 60 minutes of its application and may
persist for a week or more. II causes a reduction in intra-
ocular pressure which is maximal in 24 hours and may
persist for 9 days or more
Demecarium bromide has been used in the treatment of
operwrgle glaucoma particularly in aphafdc patients, and
those m whom other agents have proved inadequate. The
dosage varies, 1 to 2 drops of a 0.125% or 0.25% solu-
Iion being instilled from twice weekly to twice daily,
preferably at bedtime.
Demecarium bromide has afso been used in !he diagnosis
and management of accommodative convergent strabismus
(esorropia),

Proprietary Names
3fumorsol,Toarnilen.
Preparation details are given in Part 3.

3,4-Diaminopyridine (l_-m)

3,4-Diaminopyridine has similar actions and uses to 4-
aminopyridme (see p. 1112) but is reported to be more po-
rent in enhancing the release of acetylcholine from nerve
terminals.

Administration of 3.4-diaminopyrirtinc by mouth in daily
doses of up to 100 mg in a double-blind. placebo-control-
led. crossover srudy was found to be effective in the
trcarnrenr of both the motor and autonomic deficits of 12
patients wi:h Eamn-Lambert syndrome. One patient re-
ceiving100mg dailyhad a single seizure after 10 months
of therapy but adverse effects in otherpatientswere min-
imat and dose-related. In 4 patients addition of pyridostig-
mine to rrearnrern produced addiionaf benefits.— MCEVOY
KM ●! al. 3.4-Dkrino_ in the owarrncm of Lmrkn-hton

chot. , I myzsrhmk syndrcmc N Engl J Mtd 1989 321: 1567-71.
Mutti.ingredient preparations. Bcstroima. GT 50, MIOS, Ris~
und A. Risunal B.
Preparation details are given in Part 3.

Choline Alfoscerate (W-Wh)

Choline Alfoxerate (r/NNJ.
.~. Choline Glycerophospha!q L-a.Glycerylphosphory lcholine.

Choline hydroxide. (R).2.3-dihydroxypropyl hydrogen phos-
phale. inner salt.
C8H20N06P = 257.2.

CAS — 28319.77.9.

Choline alfoscerate IS reporred to have cholinerpic activity
and has been med b) mmivenous or intramuscular admin-
istration in the trealmem of Alzheimer”s disease and other
dementias,

References.
1. Trabucchi M, tr al Changes m Ihe znteract,ons between

CNS cbolmcrg)c and dopammcrgvc neurons reduced by L-m-
glycc~lphosphory lchol ,nc, a cholinomxmenc drug. Farmorn
(S,, / 1986: 41: 32.?-+$

2 DI PerrI R. ?r al A mult, cenwe mal TOcval.a!e [he cftica-
cy and toicrabil l!> of ..gl>cer> lphosphorylcholmt versus
cytosme dlpbosphochohnc m pa!lenls w)th vascular dcmcn.
!Ia J /m Med Rt-s 1991: t9: 33041.

Proprietary Names
Brezal, DekcII, Ghatibn.
Preparation details are gwcn m Pan 3.

Demecarium Bromide [45]1-.)

Demecarium Bromide (BAN, rlNNJ.
BC-48, NJ’’-Decamethylenebis(NJ/trimethyly3-methylyl-
carbamoyloxymrilinium) dibromide.
C32H52Br2N404 = 7}6.6.

CAS—56-94-O

Pharmacoprrrios In L’.S

A whiw or slightly yellow. slightl) hydroscopic. crysud-
Iine powder. Freely soluble in water and alcohol: soluble
in ether spmingly soluble in ace[one. A 1G solu! ion in
wrier has a pH of 5 to 7 Store in aimght comainers.
Pro!ect from Iight.

Adverse Effects
.4s for Netrstigmme Methylsulphs!e. p. 1116 and Ecothio-
pate Iodide. below. The wrticholinesmrase action of deme-

-.—-= carium. and hence i!s adverse eflec!s. may be prolonged.

Distigmine Bromide (45i3-h)

Distigmine Bromide (BAN, r/NN).
BC-51; Bispyridostigmine Bromide: Hexamarium Bromide.
3.3' -[N.N-Hexarnethyelenebis(medrylcarbarnoyloxy)]bis( 1-
merfrylpyridinium bromide).
C22H32Br2N404 = 576.3.

CAS — 15876-67-2.

P/tOrrnacOpoeias. In Jpn.

Adverse EtYeets,TkeatmenL and Precautions
As for Neostigmine, p. 1116. The anticholinestera.se action
of distigrnirw. and hence its adverse effects, may be pro-
longed. and if treatmen! with arropine is required ]t
should be maintained for at leas! 24 houm.

Absorption and Fate
Dlsrigmine is poorly absorbed from the gastro. intestinal
Iract.

Uses and Administration
D]stigmine is a quatema~ ammonium compound which is
an inhibitor of cholinesterase activity with actions similar
to chose of neostigmme (see p. 1I 17) but more prolonged.
Maximum inhiblrion of plasma cholinesterase occurs 9
hours after a single intramuscular dose. and persists for
about 24 hours.
It is used in the prevention and treatment of postoperative
intestinal atony and urinary re!ention; 500 pg of distig-
mine bromide may be injected imramuscularly abour 12
houra after surgery and may be repeated every 24 hours
until normal function is restored. It may also be given by
mouth in a dose of 5 mg daily thiny minutes before
breakfast. A s]milar dose by mouth. given daily or on al-
Iemare days. has been employed in the management of
neurogeni; bladder.
Dktigmine bromide in conjunction with short-acting para-
sympathomimetics has been given for the treatment of
myasthenia gravis, but should only be given by mouth.
Doses of up to 20 mg daily for adults and up to 10 mg
daily for children have been used, adjusted according to
ind!vidu.d response.

Proprietary Names
Ubretid.
Preparatm details are gwen m Pan 3.

Dyfls)s (~5]4-m}

Dyflos (BAN).
DFP, Diffuorophatei Di-isopropyl Fluomphosphate: Di-iso-

~opylftuorophosphonate~ 14uosr]gmme; ISOH
wopropyl phosphorottuorr date.
C,#14F03P= l&.1. ‘d

CAS— 55-91-4.

Phwrrracopoeios. In 11.S.

:.
‘:-a:fr..,,,

A Ciew, colorless, Or faintly yel]o~ liquid, Sa
NY about 1.05. Sparingly soluble m water
cohol and vegetable oils. It is decornjms~d~
~ith the evolulion of hydrogen. fluOrlde. StW’~
15” in sealed containers.

“dCALmO~.The l,apour of dyjos, 1S vw ro.tic. cd

~rerial should be Immersed or o 2% uquro~ ~
sodium hydroxide for severs! hours DJY?OS~
moved from rhc sl.m by wushrng wtrh soap ~

Adverse Effects J
AS for Neostigrrrine Methylsulphate, p. 1116 ~j
pate Iodide, below.
The anficholinesterase action of dyflos, and @
verse effects, may be prolonged. Its va~ ml
irritating to the eye and mucous membranes,. :i~
Systemic toxicity rdso occurs ,after mhalarim -
pour. prolonged use of dyflos m the eye may

d

Iy reversible depigmentarion of the lid m
skinned pat iems

Tkeatment of Adverse Effects and ;‘
As for Ecothiopate Iodide, p. 1115.

.:.
Absorption and Fate .,
Dyflos is readily absorbed from the gastrc-”’
from skin and mucous membranes, and front’
Dyflos interacts with cholinesterasesprodu~
phosphcmylated and phosphorylated derivativ~,
then hydrolyzed by phosphorylphosphatases; w
uccs of hydrolysis are excreted mainly m the ~

Uses and Administration -’4
Dyftos is an irreversible inhibitor of chotii
actions similar 10 those. of ecothlop?te (ace A,q
Ios has a powerful mionc action wh]ch begins
10 minutes and may persist for up to 4 wJ
a reduction in inrrs-ocular pressure which ii’

-!

24 houm and may persist for a week. .
Dyflos is used mainly in the treatment if’
glaucoma particularly in aphakic patients, and
agents have proved uradquate. It is also e~
diagnosis and management of accommuch.=
strabismus (esofropia).

1

Dyfios is admti!ste!ed lcmally usually “m ax
rbafmic ointment preferably at night before

.,s
Proprietary Names
Dltfupyl, Ffompryl.

:to

preparation derails am given in Part 3.
,11
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EcothiopateIodide ww ;:;
Ecothiopateiodide is an irreversi
cholirtesterase with a prolonged dttratky
It is used as a miotic in the treatment of
when other agents have proved inadeqt

:b-
Ecorhiopate Mide (BAN, rlNN). ~
Echotbiophate Iodide; Ecostigmine Iodsd.
(2-Diethoxyphosphirtylthioethyl)- ‘.4.,...,
wimethykrrrmoniumiodide. .+
&H23DJ03PS = 383.2.

‘}
CM — 6736-034 (ecorhiopate),’ 513-10$
pate iodide).

Phormacopoeius. SnBr., Cr., Jpn, and 1?S. ““‘id

A white crysrafiine hydroscopic powder with a
odour. Soluble I in 1 of water. 1 in 25 of S!
in 3 of methyl atcohot: practically insoluble ~~
ganic solvents. A solution in water has 1 P“”.
The B.1? rquires storage between 2“ ad fi i

+

reqt11m5 storage preferably at a temperat~
Store in atijght containers. Pro[ect from h

Adverse Effects
.. b

As for Neostigmine Methylsulphate, P.1”
~othiopate is an irreversible cholinesta
ito~ its action, and hence its adve~ ~
he prolonged. ‘k

plasma and eryfhrocyte cholinesteraWs,.~
minished by treatment with eye droPs~
pate, or other long-acting anticholin@.
systemic toxicity occurs more frequeo+’!
shorter-acting miotics. Acute iriris, @
ment, or precipitation of acute glauc@l
casionally follow treatment with eco~
iris cysts (especially in children) or ‘m
may develop following prolonged @%



convergent strabismus (accommodative esotropia)
as mentioned in the discussion on the treatment of
strabismus on p. 1416.

Preparations
Names of preparations are Iis[ed below; detwls arc ~ven in ParI 3.

Officiat Pmparatlons
USP 23: D=mecanum Bromide Ophthalmic Solution.

Proprietary Preparations
UK: Tosmilen+: USA: Humorsoi.

3,4-Diaminopyridine (19064-m)

3,4-Diaminopyridine has similar actions and uses to

fampridine (see p. 1421) but is reported to be more
potent in enhancing the release of acetylcholine
from nerve terminafs. It is used in the Eaton-Lam-
berr myasthenic syndrome and other myasthenic
conditions. h has been tried in multiple sclerosis and
in botulism.

No improvement was observed with 3,4-diarrtinopyridine in a
cotwrolled smdy of patients with chronic demyelin~ting neu-
mpathy, I
1. Russell JW, el al. Trca!mem of smb[e chronic dcmyelinaung

=~~g;~~~,wirh 3.4-diammopyr,dine. .Mu!o Cfin Proc

Eaton-la.mbert myastf’tenicsyndrome. Admmistration
‘of 3,4-diaminopyridineby mouthin daily doses of up to

IQrpg has ken found to be &%hve in the rreatmem of both
the motor and autonomic deficits of patients with Eaton-Lam-

-berr syndrome. 1 A usual starring dose of Q given three or
-four times daily increasing if necessary to J maximum of

Q.zng given five time: daily has been .sed.z Adverse effects
aPy~ tcIbe mainly mdd arrd dose related, ! Most patients ex-
perience some form of paresthesia up to 60 minutes after ad-

ministration.lz 3,. LDiaminopyridine can produce mild
excitatory effects and some pa!ienfi may experience difficulty
in sleeping. There have ken isolated reports of seizures rutd
3,4-diasninopyndine is therefore contra-indicated in patients
with epilepsy. Other treatments of Eaton- Lamberr myasrhenic
syndrome are dixcusaed on p. 1414.
1. f@EY@W. <r al, 3.4-Oiammopyridinc m (he !reatment of

Lambert-Ea[on mvaslbentc svndrome. N .Ene/ J Mcd 1989:
321:1567-71. ‘

2. ~avts J, Myasthenia gravis and the Lamtxn-t3[on
myasthenic syndrome. Prcrcn”bers’ J 1993; 33: 205–2 12.

Distigmine Bromide (4S13.h)

Distigrnirte Bromide (BAN,rNN).
BC-5 I; Bispyridosdgrnme Bmmid~ Hexamarium Bromide.
3,3'-[N,N'-Hexsmethylenebis(medrylcarbamoyloxy)]bis( I-
merhyfpyridinium bromide),
C#32BrlN40, = 576.3.
CM — 15876-67-2.

Phorrmscopoems. [nJpn.

Adverse Effects, Treatment, and Precau-
tions
As for Neostigmine, p. 1422. The anticholinesterase
action of dktigmine, and hence its adverse effects,
may be prolonged, and if treatment with arropine is
required it should be maintained for at least 24
hours.

Pharmacokinetics
Distigmine is poorly absorbed from the gastro-irrtes-
tinal tract.

Uses and Administration
Distigmine is a quatemary ammonium compound
which is a reversible inhibitor of choiinesterase ac-
tivity with actions similar to those of neostigmine
(see p. 1423) but more prolonged. Maximum inhibi-
tion of plasma choiinesterase occurs 9 hours after a
single intmmtrscular dose, and persists for about 24
hours.
It is one of several agents that may be used in the
prevention and treatment of postoperative intestinal
stony (see p.1193). It is also used in urinary reten-
tion. although catheterisarion is generally prefemed
(see p.489). A dose of 500 ~g of distigmine bromide
may be injected irrtmmusculariy about 12 hours af-
ter surgery and may be repeated every 24 hours until

Carbachol/Dytlos 1419

normal function is restored. It may afso be given by
mouth in a dose of 5 mg daily thirty minutes before
breakfast. A similar dose by mouth, given daily or
on alternate days, has been employed in the manage-
ment of neurogenic bladder.
Distigmine bromide in conjunction with short-act-
ing parasympathomimetics is also used for the treat-
ment of myasthenia gravis, but should only be given
by mou[h. Also, as discussed under the section on
the treatment of myasthenia gravis, patients being
treated with parasympathomimetics tend to prefer
pyridostigrnine (see p. 1415). Doses of up to 20 mg
daiIy for adults and up to 10 mg daily for children
are given. adjusted according [o individual response.

Preparations
Names of prepasationa are listed below, desails are given in Part 3.

Proprietary Preparations
Ausr.. Ubretid: Ausrra/.: Ubre!id: Eim: Ubretid; Ger: Ubretid:
Nefft.: Ubretid: S.A/c: Ubre[id; Swir:: Ubretid: UK. Ubretid.

Dyflos (4514-m)

Dyilos (8AN).

DFP Difluoropham Di-isopmpyl Fluomphosphate; DI-Eo-
pmpylfluomphosphonate; Fluosugmine Isoflumphate. Di-
isopropyl phosphomfluondate.

C6H14F0,P = 184.1.

CAS — 55-9 I -4.

Pharmocopaeios. In US.

A clear, colourlesa. or faintly yellow liquid. Specific gravity
about 1,05. Sparingly soluble in waten soluble in alcohol and
in vegetable oils. [t is decomposed by moisture with the evo-
lution of hydrogen fluoride. Store at 8° to 15° in sealed con-
tainers.

c.AunoN. The vapour of dyflos is very toxic, The eyes. nose,
and mouth should be pnxected when handling d>flos. and

contact wi!h rhe skin should be avoided Dyylos can be re-
moved fmm the skin by washing with soap and water Corr-
taminated maren’al should be immersed in a 2% aqueous
soluxion of sodium hydroxide for severol hours.

Adverse Effects
As for Neostigmine Methylsrslphate, p. 1422 and
Ecodriopate Idtde, p. 1420. For adverse effects of
miotics, see also Pilocarpine, p. 1426.
The arrticholinesterase action of dyflos, and hence
its adverse effects, may be prolonged. Its vapour is
extremely irritating to the eye and mucous mem-
branes.
Systemic toxicity also occurs after inhalation of the
vapour. Prolonged use of dyflos in the eye may
cause slowly reversible depigmentation of the lid
margins in dark-skinned patients.

Treatment of Adverse Effects
As for Ecothiopate Iodide, p. 1420.

Precautions
As for Neostigmine, p. 1423 and Ecothiopate Iodide,
p. 1420. For precautions of miotics, see also Pilo-
carpine, p.1426.

Pharmacokinetics
Dyflos is rearMy absorbed from the gastro-intestinal
tract, from skin and mucous membranes, and from
the lungs. Dyflos interacts with cholinesterases pro-
ducing stable phosphonylated and phosphorylated
derivatives which are then hydrolyses by phospho-
rylphosphatases. Tfrese products of hydrolysis are
excreted mainly in the urine.

Uses and Administration
Dyflos is an irreversible inhibitor of cholinesterase
with actions similar to those of ecothiopate iodide
(see p. 1420). Dyflos has a powerful miotic action
which begins within 5 to 10 minutes and may persist
for up to 4 weeks: it causes a reduction in inrra-ocu-
Iar pressure which is maximal in 24 hours and may
persist for a week.
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3029 3,4-Diaminopyridine

aL, J. Arm Chem. Sac. 81, 1518 (1959): US. p
(1960to American Cyanam#d).

Crystals from ethanol - water, mp 302.. uv max (PH
1.9): 241, 28.2 ZMII{tol=~~ .

$-

----- Y1
3,4-Diaminopyridine ,4- fin”dincdiamine; 3,4-

AP. ‘ HN; m .13.~N
38. S3?7.. channel block$r; antagonizes non-

ackade. P= o
~m 51?’ 274 ( 1935}: J. W. Clark-~eww R. P. “Sirr~h.‘~.

Bent

Chern SC. 1%2, 2379; J. B. Campbell er al., J. HetervcycL
Chern. 23, 669 (1986). HPLC determn m senrm: J. Leslie.
C. T. Bcver, J. Chramarog, 4%, 214 (1989), Acute toxicity:
P. Lcchar er al.. Arrm Wrarm. Franc. 26, 345 (1%8). Effecr
on neuromuscular transmission: J. Molgo ●r at, .Eur. J.
Pharmaco/. 61, 25 (1980); R. H. Thomscn. D. F. Wilson. J.
Pharmaco/. Exp. Ther. 227, 260 ( 1983). Evaluation “n
human botulism: A. P. Ball ef al., Quart. ~

evalu.arions in m asthe ndromcs: K.
, .\, .Zrzfr’ J. ;ed. 3?&17 (l@ n.
,Veurol. Neurosu rg. Pzychratr. 54, 1069

[ 1991} in mu]tide sclerosis: C. T. Bever. Jr. et al.. Ann.
~eu~~ 27, 421 ~1990): idem, ibid 36, S118 (1994)

PI‘; NH2

Needtes from water, mp 22tY (Clark-Lzwis. Singh); also
reported x whiw TO beige crystals from water, mp 2 18-21!?
(Campbell). Readily sol in water, alcohol; slightly sol in
ether. LDn iv. in mice: 13 mglkg (f-=hat).

LSE: Intermediate in synthesis of hcteracyc!ic compds.. .—

3030. Diamond. A crystalline form of carbon. Mined
as a mineral, principally in South Africa. (Non-commercial)
synthesis from other carbon compds (e. g.. ligrrin) by means
of elevated temperatures (abaut 27fXT) and pressures (about
800.000 lbs/sq inch): Ikch, Narure 152, 148 (1943); Neu-
haus, Arrgew. Chem 66, S25 (1 954); Hall, Chern. Eng. News
33, 718 ( 1955); Bndgman, S& Amer. 1955, 46; Hall, J.
Chem. Ed. 38, 484 ( 196 [ k Bund y, Ann. N. K Acad. SCL vol.
10S, art 17, pp 951-982 (1964). Books: S. Tolansky, His-
roy and Use o/” Diamond (London, 1962) 166 pp; R. f3er-
man, Physics/ Properties o~ Diamond (Oxford, 1965) 442 pp.

Face-centered cubic crystal lattice. Bums when heated
wth a hot enough flame (over StI@, oxygetr torch). d:
3.S 13. n~ 2.4173. Hardness = 10 (Mobs’ scale). Sp heat
at lWK; 0,606 cal/g-atom /.K. Entropy at 298. 16“K:
0.5684 cal/g-atom /-K. Band gap energy: 6.7 CV. Dielectric
constant 5.7, Electron mobility: -1800 crnZ/v-sec. Hole
mobility: 1200 cm~ rv-see, CAn be pulverized in a steel mor-
!ar. Atmcked by laboratory-type cleaning sobs (potassium
bichromate + coned HzSO,). In the jewelry trade the unl[
of weight for diamonds is one carat = 200 mg. Ref Wall
Smeer J. 164, no. 36, p 10 (Aug 19, 1964).

USE: Jewelry, Polishing, grinding, cutmrg glass, beazings
for delicate instruments; manuf dies for tungsten wire and
stmilar hard wires, making styli for recorder heads, iong-
Iasmrg phonograph needles., In senriconducror research.

3031. Diamond Ink. E!ching ink. A m]xture of HF.
BsS04 and fhzondcs.

.Milky-white Iiq ‘m~h a heavy sedimemt. Shake well before
using arrd warm gently m a lead dish. Keep in pk.roe, hard-

rubber or intern. para]~n -coated borrles

USE: For etchurg @ass.

3032. Diampromide. .V.[2.[.%ierhyl( 2-phenvleth.vl lam I-
no~propy{j-.v-phen vipro panamide: .Y-[2-fmeth.vlph enerh.~~aml -
no)propyl]pmpmnanifide. C:lHX?J:O; mol wr 32447 C
‘?,74m,.. H 8.7(Yc. N 8. b3rc, O 4 q3mC. Synche.!s: Wnghr #r

THERAP cAn Analgesic (narcotic)

3033. Diamthaaole Dihydrochlotide. 6-/2+
rro)ethoxy]-.V..dimethylyl- Z-benzothia:O[am int m
nude; 6-[2-(diethylamino ~ethoxyl-2~imethy{ami~
:ole dihydrrxhloride: 2-dimethyiaminO-6-@Mb
ethoxy)bcnzorhi=ole dihydrochioride: dimamle’
chloride; Ro-2-2453; Aster~l Dih vdr~hlorid~ Ad

ler. U.S. pat. 2,578,757 (1951 to f-foffmann-La ~

“-r-’’lnfshs”’” !
%+-J’ ‘C& :

Crystais. dec 26~, MP 240-243.. Frccty ad
methanol, ethanol. A 5% aq soln has a pH of Z2

THERAP CAT: Antifungal. ..@

3034. Diamyl %dhrm Sulfosuccinate. SSSfd
W“Cacid 1,4-dipentyl ester radium zalt; suifasucci
pentyl ester sodium soiI: A,COSO1 AY: ~n~l AY
“NaO+;
31 .08%, . . -. -
monrssodium salt of sulfosuccinic acid or a rnia~
Wefting agent prcpd by rhe action of the appropf
hols on maieic anhydridc followed bv addtion ~ ~

~939 to Am. Cyanarnl~). “ .?
-7

0 ,.

$K

(
O=--v-w’c!!,

Na’ - Oy.s ov%.-~~ “
*

o ,4 4
Available as a mixture of white. hard pellets sOL

$OIy in water at 2S- = 392 =/liter: a! 70’ = 50---
Maximum concn of clccrrolvrc=soln in-which l% a

., -.
icld. acetone, hot kerosene.-carbon te[rachlo~de
hot olive oil; insal m lia nctrolatum. Surfs@k

m’
d“;. .. . ..—.. . . . .

:mg agent is sol: 3% NaCl; 2-4% NH4C1 (tUI “. u+
,NH4)lHP0, (turbid); 4’% NaN03 (slightly ~ .rr
Na,S04 (very dightlv turbid). Also sol in Prne

.

-$
water: 0. CQ170 = 694 ‘d~n/cm; 0.02P0 = 68.3
3.I?o = 50.2 dyntcm. 0.259% = 41.6 dvnlcm; 1

m
mds ar

s w;

J.

dyn /cm. lnterfacial tension 1?’. in water vz hq
Iatum: 5 seconds = 7.5S dyn!cm; 30 scco-
dyrzlcm; 15 minutes = 7.03 dyn/cm. Interfti
O.l% in water w liquid petrolatum: 5 -d
dynlcm: 30 seconds = 28.6 dynlcm: 15 minuu
dyn /cm. Stable in acrd and neutral solns. hyd



http://130,14.32.44/cgi.,,GM-client?536O+detail+l http://130.14.32.44/cgi-bmflGM-client?5360+detail+1

K@
TITLE: * Treatment with oral 3,4 diaminopyridine improves leg strength in multiple,—

AUTHOR:
6

AUTHOR
AFFILIATION:

SOURCE:

NLM CIT. ID:
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sclerosis patientfisults of a randomized, double-blind,
placebo-controlled, crossover trial.

Bever CT Jr; Anderson PA; Leslie J; Panitch HS; Dhib-Jalbut S; Khan
OA; Milo R; Hebel JR; Conway KL; Katz E; Johnson KP

Department of Neurology, School of Medicine, University of Maryland,
Baltimore, USA.

Neurology 1996 Dec;47(6): 1457-62

97120056

To examine the...efll.cacy and toxici ty of oral 3,4 diaminopyridine ~ in
d~ 100 mg/day, 36 patie~ Itiple sclerosis (MS) enrolled
in a randomized, double-blind, placebo-controlled, crossove~e
primary outcome measure was improvement of a prospectively defined
necrologic deficit, which was kg weakness in 34 patients. Secondary
outcome measures included the patient’s subjective response, scored
manual motor testing (MMT) of leg strength, scored leg strength from
videotaped motor testing (VMT), quadriceps and hamstrings strength
(QMT) measured by isometric dynamometry, neuropsychological testing
(NPT), ambulation index (AI), and Expanded Disability Status Scale
(EDSS) score. Paresthesia and abdominal pain were common and wer~
dose limiting i“h%@iitpatients. Three patientfiad episodes~o~m,—._.._ .—..
and“~e patient had a ~iure w~~n~ ~l~a~i=kk.dimm..— —
thpy, leaving~e~uable patients for the efficacy analysis. The
prospectively defined c def_oved_k@4 Datients-22 ~_DAP
and 2 on placebo (p= .0005). All improvements were in leg weakness.
Subjective response and measures of leg strength and function (MMT,
VMT, QMT, and AI) improved on DAP compared with placebo. Neither
NPT nor EDSS scores improved. o~e improvements
W ut toxicity iyimiting in -y patients.

Le@PHYSIOPATHOLOGY
—-

Mukiple Sclerosis/*DRUG THERAPY/PHYSIOPATHOLOGY
4-Aminopyridine/* ANALOGS & DERIVATIVES/ADMINISTRATION &
DOSAGE
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Low-dose guanidine and pyridostigmine: relatively safe and effective
long-term symptomatic therapy in Lambert-Eaton myasthenic syndrome.

Oh SJ; Kim DS; Head TC; Claussen GC

Department of Neurology, University of Alabama at Birmingham 35294,
USA.

Muscle Nerve 1997 Sep;20(9): 1146-52

97416721

Guanidine hydrochloride is known to be highly effective in the
symptomatic treatment of the Lambert-Eaton myasthenic syndrome
(LEMS). However, because of its potentially dangerous side reactions of
hematologic abnormalities and renal insufficiency, 3,4-diami
which is not readilv ava 6ilable in the United States, is recommended as t~e

‘7prefer~sed low-dose guanidine and pyridostigmine
combination therapy in 9 patients with LEMS and analyzed its long-term
safety and effectiveness. In all patients, a liberal amount of pyridostigmine
was used, while daily guanidine dose was kept below 1000 mg a day, and
guanidine was given between pyridostigmine dosings. This combination
therapy was used for 3-102 months (mean: 34.1 months) and improved
clinical status in all patients. Although guanidine had to be discontinued
due to severe gastrointestinal symptoms in 3 cases, no serious side reactions
such as bone marrow suppressions or signs of renal insufficiency developed
in any case. Thus, we conclude that low-dose guanidine therapy is relatively
safe and effective for long-term symptomatic treatment of LEMS when it is
combined with pyridostigmine.

Cholinesterase Inhibitors/*ADMINISTRATION & DOSAGE/ADVERSE
EFFECTS~HERAPEUTIC USE
Guanidines/*ADMINISTRATION & DOSAGE/ADVERSE
EFFECTS~HERAPEUTIC USE
Lambert-Eaton Myasthenic Syndrome/COMPLICATIONS/* DRUG
THERAPY/ PHYSIOPATHOLOGY
Pyridostigmine Bromide/*ADMINISTRATION & DOSAGE/ADVERSE
EFFECTS/ THERAPEUTIC USE
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Anlar B; Varli K; Ozdirim E; Ertan M

Department of Pediatric Neurology, Hacettepe University, Ankara, Turkey.

J Child Neurol 1996 Nov; 11(6):458-61

97118599

Eleve@entswith congenital and five wi~hjuvenile m asthenia gravis,
--~b.nd;~ged 5 to 24 years, were given 3,4-diaminopyridme m a doub e-

crossover study. Clinical improvem~
.

~and placebo effect, in 3 of 11.
Juvenile myasthenia patients did not respond. Single-fiber
electromyographic studies did not revealany changes correlating with the
clinical status of the patient. This study demonstrates the importance of
double-blind and placebo-controlled studies to determine the effect of
3,4-diaminopyridine in congenital myasthenia. This drug may have
different effects on various presynaptic and postsynaptic defects of
neuromuscular transmission resulting in congenital myasthenia syndromes.

Myasthenia Gravis/CONGENITAL/DIAGNOSIS/*DRUG THERAPY
4-Aminopyridine/*ANALOGS & DERIVATIVEWTHERAPEUTIC USE

Adolescence
Adult
Child
Child, Preschool
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JOURNAL ARTICLE
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Eng

504-24-5 (4-Aminopyridine)
54-96-6 (3,4-diaminopyridine)
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R TITLE: Ruthenium red, a novel enhancer of K+ currents at mouse motor
nerve terminals.

AUTHOR: Lin MJ; Lin-Shiau SY

AUTHOR Institute of Pharmacology, College of Medicine, National Taiwan
AFFILIATION: University, Taipei, RO.C.

SOURCE: Neuropharmacology 1996 May;35(5):615-23

NLM CIT. ID: 97042771 (abstract present)

w ~TLE: n,
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Treatment with oral 3,4 diaminotwridine imRroves leg strenpth in
multide sclerosis r)atients: results of a randomized, double-blind$

Iacebo-controlled. crossover trial.

AUTHOR: Bever CT JIYAnderson PA; Leslie J; Panitch HS; Dhib-Jalbut S;
Khan OA; Milo R; Hebel ~ Conway KL; Katz E; Johnson KP

AUTHOR Department of Neurology, School of Medicine, University of
AFFILIATION: Maryland, Baltimore, USA.

SOURCE: Neurology 1996 Dec;47(6): 1457-62

NLM CIT. ID: 97120056 (abstract present)

r TITLE: 3.4-Diamino~yridine, an oruhan drug, in the svmDtomatic
treatment of Lambert-Eaton mvasthenic svndrome.

AUTHOR: Molgo J; Guglielmi JM

AUTHOR Laboratoire de Neurobiologie Cellulaire et Moleculaire, C. N.RS.,
AFFILIATION: Gif-sur-Yvette, France.

SOURCE: Pflugers Arch 1996; 431(6 Suppl 2): R295-6

NLM CIT. ID: 96364143 (abstract present)

n TITLE: Acute ventilator failure in Lambert-Eaton mvasthenic syndrome
and its resuonse to 3,4-diaminow ridine.

AUTHOR: Smith AG; Wald J
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AFFILIATION: Ann Arbor 48109, USA.
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SOURCE: Neurology 1996 Apr;46(4):l 143-5

NLM CIT. ID: 96373816 (abstract present)

~ TITLE:
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A double-blind ~lacebo-controlled study of 3,4-diaminoDvridine in
amvtrouhic lateral sclerosis ~atients on a rehabilitation unit.

AUTHOR 1 Aisen ML; Sevilla D; Edelstein L; Blass J

AUTHOR Burke Rehabilitation Center, White Plains, NY 10605, USA.
AFFILIATION:

SOURCE: J Neurol Sci 1996 Jun;138(l-2):93-6

NLM CIT. ID: 96383381 (abstract present)

R TITLE: Contribution of a non-inactivating ~otassium current to the resting
membrane Dotential of fusion-comDetent human mvoblasts.

AUTHOR: Bernheim L; Liu JH; Hamann M; Haenggeli CA;
Fischer-Lougheed J; Bader CR

AUTHOR Department de Physiologic, Hopital Cantonal Universitaire,
AFFILIATION: Geneva, Switzerland.

SOURCE: J Physiol (Lend) 1996 May 15;493 ( Pt 1):129-41
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NLM CIT. ID: 96330881 (abstract present)

~ TITLE: 3,4-DiaminoDvridine masks the inhibition of noradrenaline release
from chick svmDathetic neurons via Dresvnar)tic ahlha
2-adrenoceWors: insights into the ro!e of N- and L-tvD e calcium
channels.

AUTHOR: Dolezal ~ Huang HY; Schobert A; Hertting G

AUTHOR Institute of Physiology, Academy of Sciences of Czech Republic,
AFFILIATION: Prague 4, Czech Republic.

SOURCE: Brain Res 1996 May 20;721(1-2):101-10

NLM CIT. ill: 96385230 (abstract present)
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l_”7TITLE: Toosendanin facilitates 13Hlnoradrenaline release from rat
hitlDocamDal slices.
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Treatment with oral 3,4 diaminopyridine
improves leg strength in multiple

sclerosis patients:
Results of a randomized, double-blind, placebo-controlled,

crossover trial

C.T.Bever, Jr., MD; P.A. Anderson, PhD; J. Leslie, PhD; H.S. Panitch, MD; S. Dhib-Jalbut, MD;
O.A. Khan, MD; R. Mile, MD; J.R. Hebel, PhD; K.L. Conway, RN; E. Katz, RN; and K.P.Johnson, MD

Article abstract—To examinethe eflicacy andtoxicityof oral 3,4 diaminop~-ridine(DAP)in dosagesup to 100mglday,36
patients with multiple sclerosis (MS) enrolled in a randomized, double-blind, placebo-controlled, crossover trial. The
primary outcome measure was improvement of a prospectively defined necrologic deficit, which was leg weakness in 34
patients. Secondary outcome measures included the patient’s subjective response, scored manual motor testing (MMT) of
leg strength, scored leg strength from videotaped motor testing WMTJ, quadriceps and hamstrings strength (QMT)
measured by isometric dynamometry, neuropsychological testing (NW ), ambulation index (AI), and Expanded Disability
Status Scale (EDSS) score. Paresthesias and abdominal pain were common and were dose limiting in eight patients, Three
patients had episodes of confusion, and one patient had a seizure while on DAP. Eight patients withdrew from the study,
leaving 28 evaluable patients for the et%cacy analysis. The prospectively defined necrologic deficit improved in 24
patients—22 on DAP and 2 on placebo (p = 0.0005), All improvements were in leg weakness. Subjective response and
measures of leg strength and function (MMT, VMT, QMT, and AI) improved on DAP compared with placebo. Neither IWT
nor EDSS scores improved. DAP treatment can induce improvements in leg strength in MS patients, but toxicity is
E- ‘+ing in many patients.

.OLOGY1996;47:1457-1462

Multiple sclerosis (MS) is a primary inflammatory
demyelinating disease of the CNS that frequently
causes chronic necrologic symptornsl that vary
widely from patient to patient depending on the loca-
tion and extent of demyelination.2 Although sympt-
omatic treatments are available for some MS syrnp-
toms,3 there are no pharmacologic treatments for leg
weakness, one of the most common and disabling MS

symptoms. The observations that cooling’ and
changes in serum ionized calciums could cause im-
provement of necrologic symptoms in MS patients
suggested that the dysfunction was, in part, physio-
logic rather than being due to axonal or neuronal
loss. Pathologic studies showing relative present-
ation of axons in areas of demyelinationG supported
this conclusion. Electrophysiologic studies of demy -
elinated nerve fibers show that abnormal potassium
currents contribute to conduction failure by decreas-
ing action potential duration and amplitude.7 Potas-
sium channel blockers such as 4-aminopyridine (Al?)
and 3,4 diaminopyridine (DAP)8 improve nerve im-

pulse propagation in vitro, suggesting that they
might be useful in treating MS patients.

Preliminary studies suggest that AP and DAP im-
prove symptoms in some MS patients. AP improves
necrologic de ficits914 and function15 in MS patients,
but has significant toxicity.’’”” A preliminary open-
label study of DAP doses up to 100 mg/day showed
evidence of benefit without significant toxicity, ‘i but
two subsequent controlled trials using doses up to 80
mglday in divided dosage showed little or no bene-
fit. “18 We have now carried out a randomized,
double-blind, placebo-controlled trial in 36 MS pa-
tients to determine the safety, tolerability, and eff]-
cacy of oral DAP in divided doses up to 100 mglday.
The primary outcome measure was improvement in
prospectively defined necrologic deficits, which was
leg weakness in 34 patients and arm ataxia in two.
The secondary outcome measures were the patient’s
subjective response, results of manual motor testing
of lower extremity, ratings of videotaped necrologic
examinations, quadriceps and hamstrings strength

Fmm_the DePafiments of Neurolo~ (DI-s. BeViT} Panitch, Dhib-Jalbut, Khan, and Mile, K Conway, E, Katz, and Dr Johnson), Physical Therapy (Dr.
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c ,rmacy, University of M-land; and the Reseamh and Neurolo~ %-vices (Drs. Sever, Panitch, DhibJalbut, and Khan), VA Medical Center,
Bakimom, MD.
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as measured by isometric dynamometry, neuropsy-
chological performance, ambulation, and overall dis-
ability.

Methods. Study medication. 3,4 DAP was obtained
from Regis Chemical Corporation (Morton Grove, IL) un-
der an investigational new drug license to C.T.B.and for-
mulated in capsules in the Department of Industrial Phar-
macy, School of Pharmacy, University of Maryland. An
active placebo was used; identical capsules were prepared
containing 10 mg of nicotinic acid (.a dose found in prelim-
inary studies to produce paresthesia but not facial flush-
ing).

DAP dosing. At the beginning of each treatment arm,
patients were dose escalated from one capsule a day up to
five per day (taken at 7 k~, 11 AM,2 PM, 5 PM, and 8 PM)

over a 5-day period. Patients were then maintained at that
dosage unless intolerable side effects occurred, in which
case patients took one-half a capsule five times a day on
the same schedule.

DAP serum levels. Serum samples were drawn 30 min-
utes &r the 11 ..UVdose twice during each treatment
period (after 1 week on treatment and on the day of the
final evaluation). Coded serum DAP levels were run using
a previously published methodlg and reported to the study
safety monitor (K.P.J. ), who had the authority to break the
blind and reduce DAP dosage if potentially dangerous DAP
levels were seen. The study monitor did not break the
blind on any patient or reduce dosage.

Patients. Thirty-six patients with clinical or laboratory-
supported definite MSm between the ages of 21 and 65
were enrolled. Only patients with an acceptable study def-
icit were included. This was defined as a new but stable
necrologic deficit or an established deficit that was wors-
ened by heat or exercise. New but stable deficits included
only deficits that had been stable for more than 2 months,
but not present longer than 2 years. Patients with compli-
cating medical illnesses were excluded as were women who
were pregnant or lactating. In addition, patients with a
history of seizures, unexplained s~cope, or epileptiform
activity on EEG were excluded. Patients who were unable
to abstain from operating motor vehicles during the treat-
ment periods were excluded. Fertile women were required
to use an acceptable method of birth control. Patients were
permitted to take symptomatic therapies duting the trial
but were required to maintain a consistent dosage and
schedule. Where possible, patients were taken off baclofen
during the study, and where this was not possible, dosage
strengths and timing were carefully monitored and main-
tained constant throughout the study. The use of cortico-
st.eroids and immunosuppressive agents was not permitted
during the study. The study was IRB approved, and all
patients gave informed consent for participation.

Study design. Oral DAP was compared with nicotinic
acid ~,which was selected because it produces paresthesia
similar to those of DAP, but has no demonstrated effect on
either MS or core body temperature). Patients were ran-
domized to a sequence of two 30-day treatment periods
seDarated by a 30-day washout period. Efficacy evalua-
tions were earned out- at baseline- and at the end of each
30-day period by a blinded examining neurologist. Evalua-
tions were carried out in the same facility and at the same

timeof day, and oral temperaturewas monitoredto a
that differenceswere not due to temperaturevariatiod

Safety evaluations. At the end of each treatment
riod, CBC with differential; serum chemistries incl
electrolytes, blood urea nitrogen, creatinine, LDH,
and SGPT; coagulation profile including prothromb
and partial thromboplastin time; and urinalysis were car.’
ried out. In addition, ECGS and EEGs were obtained.

Eficacy evaluations. Prospectively defined necrologic
deficit. During the screening evaluation, the examining
neurologist specified and rated the study deficit. This defi-
cit was rated at the end of each 30-day treatment period,
and at the final evaluation the examining physician indi.
cated whether the study deficit had improved and, if so,
during which treatment period it improved.

Patient subjective response. At the end of each treat-
ment period, patients were asked whether they noted any
improvement in their necrologic deficits, and their re-
sponse was recorded. At the end of the second treatment
period, the patients were asked which treatment had
caused greater improvement.

Man~al motor &sting (MMT) of leg strength. Strength
in the right and Iefi iliopsoas, quadriceps, hamstrings, gas-
trocnetnius, and anterior tibialis muscles was assessed on
examination and rated using the five-point MRC scale.z’ A
strength score at each time point was obtained by sum-
ming the ratings of the individual muscles.

S~ored vide&ped necrologic examination. The exam-
ining physician’s necrologic examination was recorded at
the end of each treatment period. The paired tapes from
the two treatment periods were reviewed by neurologists
not involved in the conduct of the trial who rated motor
strength in the legs, ambulation, and overall improvement.
Leg strength from videotaped motor testing WMT) was
rated in the right and left iliopsoas, quadriceps, ham-
strings, gastrocnemius, and anterior tibialis muscles using
the five-point MRC scale.z’ A score for each time point was
obtained by summing the ratings of the individual mus-
cles. Ambulation was rated using an arbitrary O to 5 scale
and for the global assessment based on the evaluator’s
assessment as to the treatment period during which the
patient appeared better neurologically

Quadriceps and hamstrings strength (QMT) measured
by isometric dynamometry. Maximum force output of the
quadriceps and hamstrings muscles in isometric contrac-
tion was measured using a testing apparatus consisting of
a computer-controlled hydraulically powered lever arm
coupled to a force transducer (Kin-Corn, Med*Ex Diagnos-
tics, Inc., Canada ). Testing was carried out at the same
time of day for each patient at the same ambient tempera-
ture by the same examiner (P. A.A. ). Patients were tested
seated on the apparatus with 110° of hip flexion and 45s of
knee extension. Strength was measured in triplicate deter-
minations (with a l-minute rest between replicates) of
maximum isometric contractions of the quadriceps and
hamstrings muscles using a Kin-Corn testing apparatus.
Strength was expressed in dyneslmz.

Neuropsychological evaluation (NPT). Patients were
tested using the Brief Repeatable Battery of Neuropsycho-
logical Tests for .Multiple Sclerosis,’’-” which is comprised
of the Selective Reminding Test, the 10/36 Spatial Recall
Test, the Symbol Digit Modalities, the Paced Auditory Se-
rial Addition Task, and Word List Generation Tests. It was
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Tubk1Summary of necrologic evaluations

Number of patients
_.-= improved

Mean scare or power ~ standard
error

uutcome measure DAP Placebo

Study deficit

Patient subjective

Manual motor test score

Quantitative motor testing

Hamstrings strength*

Quadriceps strength*

Video ratings

Leg strength score

Ambulation score

Global rating

knbulation index

22

15

17

15

16

17

11

14

5

2

3

4

9

8

8

5

6

0

* DynesJm2.
t Exact binomial probability.
$ From Wilcoxon signed rank test

administered and scored according to published proce -
dures.zs Tests were administered by the same examiner, at
the same location, at the same time of day for all patients,
and altemati forms were used for each repeated examina-
tion.

~- @bu]ation index (AI) and Expanded Disability Status

e (EDSS). Standard necrologic history and examina-
wm were used to score the patients on the EDSS.% Timed
ambulation on a 25-foot course was used to rate the pa-
tients on the AI.27

Statistical methods. The treatment response of the
prospectively defined study deficit in each patient was
rated and the patient subjective response assessed at the
end of the second treatment period. The significance of
differences in improvement rates for the study deficit and
the patient subjective response were determined using ex-
act binomial probabilities. Paired scores (DAP treatment
arm versus placebo arm within patients) from MMT, QMT,
VMT, NT, and Al were compared using the Wilcoxon
signed rank test. Means and standard errors for MMT,
QMT, NPT, and Al were calculated for descriptive pur-
poses.

Ibsults. Patient characteristics and retention. Thirty-
six patients (I4 men and 22 women) were enrolled in the
study (table I), The mean age was 44 (range, 21 to 65),
mean EDSS score at entry of 6.0 (range, 2,5 to 9.0), and
disease duration was 15.6 years (range, 2 b 29 years),

Twenty-nine patients had chronic progressive and seven
patients had relapsing-progressive MS. The study deficits
in 34 were ]eg weakness and in 2 arm ataxia. Eight pa-
tienta fai]ed to Completi the study—one because of the

~~rrence of a urinary tract infection with confusion and
rologic deterioration (no. 1), one for personal reasons

. 11), one because of paresthesia and anxiety (no. 17),
four because of disease progression requiring steroid treat-
ment (nos. 25, 27, 30, and 32), and one because of the

-rice of aspiration pneumonia (no. 33). Twenty-eight
Jktients completed the study. Thirteen received DAP dur-
‘&t!../$,.,

DAP Placebo

— —

— —

41.6 T 1.63 39.9 t 1.7

130 t 12 123 z 11

231 = 27 206 z 25

58.1 z 2.9 56.8 z 3.0

4.94 z 0.50 4,48 ? 0.49

1.12:0.18 0.52:0.15

5.020.41 5.15 t 0.45

p value
—

0.0005+

0.008t

0.002:

0.001$

0.04$

0.001:
0.054$

0.084;

0.02$

ing the first treatment period, and eight received it during
the second. Although patients were randomly assigned to
treatment order, it was found at the completion of the
study that the group who received DAP first were less
disabled, with an average EDSS score of 4.8 compared
with an average of 7.2 in those who received DAP second.

Adoerse events. Thirty-one of 36 patients reported
DAP-related adverse events. The most common adverse
events were paresthesias, which were reported by 25 pa-
tients on DAP and 5 patients on placebo. Abdominal pain
was reported by 19 patients on DAP and only 2 on placebo,
Confusion occurred in three patients on DAP and no pa-
tient on placebo; however, two of the episodes occurred in
the context of comrdicatin~ medical illnesses—urosepsis in
patient 1 and aspi~ation p~eumonia in patient 33. A-grand
mal seizure occurred in patient 4 while on DAP treatment,
and no seizures occurred during the placebo arm of the
trial. Dose-limiting side effects were encountered in eight
patients on DAP. This was due to abdominal pain or par-
esthesia in seven and anxiety in one (no. 17), and was
managed by reductions of DAP dosage to 10 mg five times
a day in five patients and by discontinuation of treatment
in three.

Efficacy. Primary outcome measure. A significant
treatment-related effect was seen in the primary outcome
measure, which was improvement in the prospectively de-
fined necrologic deficit. Twenty-four patients im-
proved—22 on DAP and 2 on placebo (p = 0.0005, Fisher’s
exact test)

Subjective response. Seventeen patients repotid sub-
jective improvement during treatment—14 improved dur-
ing the DAP arm only, two improved during the placebo
arm only (p = 0.009, Fisher’s exact test), and one patient
(no. 10) reported improvement during both arms.

Manualmotor testing. MMT of the leg strength (see
table 1) imrn-oved in 17 patients durin.e the DAP arm and
in four dw%g the plac.&a arm (seve~ were unchanged).
Mean strength .acm-es are shown in figure 1. Patients who
reeeived DAP first are shown separately from those who

December 1996 NEUROLOGY 47 1459



.-

_-

---

42.5

3=~
0 4 8 12 16

Week

Figure 1. Graph of mean strength scores measured by
manual motor testing over the 16-week trial in patients
who received DAP during the /irst (white circles) and sec-
ond (black circles) treatment periods.

received DAP second. and because of the difference in av-
erage disability between the two groups, the baseline
means are different. A second analysis was carried out
comparing the scores for all patients during the DAP arm
with the scores during the placebo arm. Although the
mean examination score of 41.6 during the DAP treatment
arm was only slightly higher than the mean score of 39.9
during the placebo arm, the difference between the two
arms was statistically significant ( p = 0.002, Wilcoxon
signed rank test).

Evaluations of videotaped necrologic examina-
tions. Videotaped neurolotic examinations were available
from both trea~ment perio& on 25 patients (see table 1).
Scored leg strength was significantly higher during the
DAP treatment period ( p = 0.001, Wilcoxon signed rank
test). Trends in favor of DAP treatment were seen in both
scored ambulation and global assessment (see table 1).

Quantitative motor testing, A significant treatment-
related improvement was seen in the results of quantita-
tive measurement of quadriceps and hamstrings strength
(see table 1). Changes in mean strengths are shown in
figure 2. Again, patients who received DAP first are shown
separately from those who received DAP second, and the
baseline means are different for the two groups. A sepa-
rate analysis comparing all scores for the two treatment
arms showed that mean hamstrings strength was 130
dynes/m2 during the DAP-treatment arm compared with
124 dynes/m~ during the placebo arm fp = 0.001, Wilcoxon
signed rank test). Mean quadriceps strength was 233
dynes/m2 during the DAP-treatment arm and 210
dynes/m2 during the placebo-treatment arm ( p = 0.041,
Wilcoxon signed rank test).

Ambulation. Mean AI over the course of the trial is
shown in figure 3. Again, mean baseline AIs for the two
treatment groups (DAP first versus placebo first) were
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Figure 2. Graph of mean quadriceps (circles) and ham-
strings (squares) strength measured by isometric dyna -
mometry ocer the 16-week trial in patients who received
DAP during the first (white symbols) and second (black
symbols) treatment periods.

slightly different. In a separate analysis comparing scores
during DAP treatment with those during placebo treat-
ment, improvements in AI were seen during DAP treat-
ment ( p = 0.022, Wilcoxon signed rank test).

Responder analysis. A responder analysis was carried
out to determine whether improvement in the study deficit
correlated with improvement in MMT, VMT, and QMT. Of
the 21 patients who had improvement in their study deficit

6.6-
(

6.4-

4.2-

4-

0 4 8 12 16

Week

Figure 3. Graph of mean ambulation index ouer the 16-
week trial in Patients who received DAP during the first
(white circles; and second (black circles) treatment
periods.



Ttile 2 Summa~ of neurops.ychological test results ~mean score)

Outcome measure DAP Placebo
.-.

dive reminding 37.5 z 10.3 36.9 Y 12.4

10/36 spatial recall 18.8 z 5.0 17.2 z 5.7
~long-term storage)

Symbol digit modalities 34.2 ? 15.5 34,5 z 17.6

Paced auditory serial addition 66.6 z 24.7 65.4 ? 24.0

Word list generation 28.6 = 10.2 27.7 z 9.4

(leg strength), 19 had improvement in at least two of the
other measures, and 10 had improvement in all.

Other ef%cacy evaluations. None of the outcome mea-
sures showed evidence of a period or carry-over effect
(Fisher’s exact test, results not given). No significant
treatment-related changes in INP performance were seen
(table 2). No changes in EDSS score were seen during
either treatment arm (results not given ). Thirteen of the
22 patients with improvement in their prospectively de-
fined necrologic deficits elected to enter an open-label ex-
tension of treatment.

Serum level data. The magnitude of peak serum DAP
levels correlated with adverse events but not eflicacy. Se-
rum level data were available on 28 patients. DAP was
detected in 26 patients during the DAP-treatment period,
and no DAP was detected in the serum of any patient
during the placebo-treatment period. The mean peak se-
-—~ DAP level was 44 I 7.4 ng/mL. The mean peak level

~e 10 patients in whom dosage reduction was necessaxy
due to adverse events was 69 z 19 ng/mL whereas the
mean peak level in 18 patients who did not require a
dosage reduction was 37.2 z 7.3 ng/mL ( p < 0.O5,Stu-
dent’s t test). The mean peak level in patients who had
improvement in study deficit, MMT, VMT, and QMT was
41 T 9.1 ng/mL, not significantly different from the mean
for all patients.

Discussion. Treatment with oral DAP in total
daily doses up to 100 mg/day produced improvement
in prospectively defined necrologic deficits in MS pa-
tients in a double-blind, placebo-controlled, crossover
trial. In addition, lower-extremity strength, as mea-
sured by manual and quantitative isometric testing,
and lower-extremity function, as indicated by im-
provement in AI, improved. These results are consis-
tent with the results of an open label trial, ‘T One
pre~ious placebo-controlled trial of DAP doses up to
80 mg/day showed subjective but not objective im-
provements in MS patients.’8 A second, blinded,
crossover Comparison of oral DAP in doses of 40 to 80

mg/day with oral AP showed improvement in neuro-
physiologic tests of visual finction comparable with
AP,= but no improvements in ambulation, vision,
_a~dspasticity. The only clinically relevant changes

‘? improvements in concentration in one patient
. fatigue in one patient of ten tested. AP produces

similar motor improvemenb,g which are related to
total drug exposure, not peak serum concentration.
Although DAP treatment did not improve EDSS
~res as AP treatment did in one trial,*5 five pa-

tients had improvement of ambulation as reflected in
the AI. The present trial is the first to show signifi-
cant necrologic improvements with DAP treatment
in a randomized, double-blind, placebo-controlled for-
mat.

DAP doses up to 100 mglday produced significant
toxicity. Eighty-six percent of 36 patients reported
side effects during the DAP arm of the trial, whereas
only 20% reported them during the placebo arm. The
frequency of side effects was greater in this trial
than in previous trials of lower doses of DAP, ’828but
comparable with a trial of AP in which 70% of pa-
tients reported side effects during the period of ac-
tive treatment. *5The most common side effects were
paresthesia reported by 25 patients and abdominal
pain reported by 19 patients during the DAP arm.
These results are similar to a comparison of DAP
and AFP and suggest that DAP has greater perip-
heral toxicity than .4P. Abdominal pain necessitating
dosage reduction occurred in six patients during the
DAP arm of the present study. Studies of AP did not
produce comparable results because dose titration
protocols were used.’315 Patient no. 2, who had no
history of syrtcope or seizures, had a generalized
tonic-clonic seizure, which appeared to be DAP re-
lated. DAP2’ and @’G rarely cause _aeizures and are
dose and serum concentration related.g Two serious
adverse events (requiring hospitalization) occurred
that were not clearly related to DAP treatment: one
patient (no. 1) developed a confusional episode in the
context of urosepsis while on DAP, and a second
patient (no. 33), who had a history of episodes of
choking with airway obstruction, had a similar epi-
sode resulting in an aspiration pneumonia while on
DAP. Similar tQ the experience with AP,’ DAP toxic-
ity appears to be related to peak serum levels, ITBe-
cause increased tolerability of AP has been achieved
by the use of a controlled-release formulation,30 and
the serum half-life of DAP is shorter than AP,I’ a
similar approach might be useful with DAP, Al-
though DAP treatment appears to improve leg
strength and ambulation in some MS patients, it has
significant toxicity, and its use should be limited t.a
therapeutic trials until definitive trials show that it
is safe and effective.
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Abstract

s.4-Didrnin(l~> rid]ne(D.AP) enhances ace~~lcholine release from the nerve (errninal and improves cmsductitrn in demyelinated axons

lnthisdouble-blinded placebc~con~rolled crossover study wee\amined theeffects of D.APcomhined with inpatient rehabilitation in nine
patients uithdisabling motc]rweakness duelcJamyo[rophic laieral sclerosis (.ALS). .4 single dose of DAPorplacebo wasincreaseddailj
torhe maximum (range 10–80 mg)tolera~ed dose: after patients were a~sessedon the first treatment. the altemale drug was given in the
same manner. Functional Independence Measurement (FIM). Ashwor’th, grip strength. limb strength measurements. newe conduction

studies and speech assessments were initiated 1/2 h after receiving the maximum tolerated dose of DAP or placebo. DAP was tolerated

in all patien[s. but limited by gastrointestinal side effects in four patients. The mean peak serum level was 20.11 (SD. = 5.11) rig/ml,
—-

-m-kg 125 (SD. = 0.56) h af!er dose A statistical! si.gniflcan[ improvement in FfM and speech asessment scores between admission

discharge occurred. Houe\er. no significant differences in clinical or electrophysiologic measures were seen between DAP and
placebo treatments. 11-t iss[ud)suggests that intensive inpatten[ rehabilitation hasarole inthemanagement ofpatients vith.4LS.butD.AP
does no[dimini>h motor impairment.

Ke\word3 .4mymophjc Ialeral sclerosis.Dl~minopyridine: Rehahihta[ion

1.Introduction

Amyotrophic lateral sclerosis (ALS) causes insidious]}

progressive motor weakness due to degeneration of p!ra-
mida] [rac[s and motor neurons. Conventional mana~ement

curren[ly focuses on treating the neurological and medical

compllca[ions of [he illness, Recent]} we reported [he

resul[s of an open ]a~l s[ucf! of singie dose oral 3.4-di -

arninop~ridine (D,~p) combined with inpa:ien[ rehabilita-
tion in pa(lents ~ith setere ]a[e stage ALS for s>mlp-
lomatjc trea:men[ of disabling motor weakness (,4isen et

d.. 1994), D.4p is a S]OW po[assium channel blocker which

enhances acetilcholine rtlease from thr nen e tenminal and

improves conduction in unmyelina[ed and dem! elinated
newe. me aminop~ndines hale showt promise in amelio-
IZtting mo[~r wea~ness in other diseases of central and

Wripheral nervous system (Lundh e[ al.. 1984: Bever et
_—_.- .

- Corresponding aulhor Tel + 1 914 94 E-0(J50

. .

~ ~?s~~?[~{~~~~~~~E~se’ier Science BV. *II tight, re%fied

al., 1994 and Bever et al.. 1990: McEIoy et al..
Murray and Newsom-Davis. 1981).

989:

In addition to causing degeneration on motor neurons.

ALS is associated with corticospinal tract degeneration
with demj elinalion: significant prolongation of central mo-

tor conduction latencies have been reported (Hugon et al..

1987; Ingram and Swash. 1987). Our rationale for choos-
ing DAP as a symptomatic treatment for disabling limb
pares]s in ALS was based on its potential for enhancing
central conduction \elocit}. In addition. D.kP can improve

peripheral sy-iafr[ic efficienc}. and pretious studies have
suggested short-term benefit in strength in ALS patients

yven gwanidine. another drug which enhances acetyl-
choline release from the nerve terminal (Norris. 1973).

In the pikr[ stud>. D.14P uas veil tolerated in patients
with advanced .4LS. Doses of 20–80 mg appeared to
produce a modest increase in strength and a significant
inlprolement in functional status. as measured by the
Functional Independence Measure (FI.M) (Granger et al..
1986). Improvements in strength and ftinctional status
were maintained I –3 weeks after the drug was discontin-

ued.
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To ascertain whether DAP and/or inpatient rehabilita-
tion have a meaningful role in ALS, we conducted a

doubie-blind placebo controlled crossover study of the

effects of single oral dose therapy on motor streng[h.
functional status and nerve conduction (NCV).

2. Nlaterials and methods

Nine patients (5 male, 4 female: ages 47-75:0.25-9.00

years since diagnosis) with disabling motor weakness due

to advanced (ALS) were admitted to [he Burke Rehabilita-
tion Hospital. The diagnosis was based on a history of

progressive weakness. clinical evidence of upper and lower
motor neuron dysfunction, electromyographic evidence of

denemation in a minimum of three limbs and the exclusion
of other conditions. Before entering the study all patients

had an electrocardiogram. an electroencephalogram. a
complete blood count, and renal and liver function tests:

any significant abnormality precluded study participation.
The protocol was approved by the Institutional Review

Board of the Burke Rehabilitation Hospital. Written in-
formed consent was obtained.

Each patient received daily individualized physical md
occupational therapy. Speech therapy was prescribed to
4/9 patients on the basis of clinical need.

Patients received a daily oral dose of the drug studied
with either breakfast or lunch. The Burke Rehabilitation

Hospital pharmacy compounded 250 mg lactose with 10
mg DAP in clear gelatin capsules. Placebo capsules con-

tained only lactose. Patients received either D,AP or placebo

(’drug 1‘) during the first evaluation period. and the alter-
native (’drug 2’) during the second. DAP or plact%o was
administered by the pharmacy to patients in code format.
hlwstigat~rs. ther~pists. and study subjects remained

blinded to dosage contents. The code was not broken until
all subjects completed the study and were discharged.

Dosage started at 10 mg and increased daily to the maxi-
mum tolerated dose. which did not exceed SO mg, P~tients

were assessed half an hour ~fter receiving maximum drug
dosage.

Table I

Side effects

Each patient had clinical and electrophysiologic~ ~val-

uations at admission. within 1 h after maximum dow O(

drug 1, within 1 h after maximum dose of drug 2, and at

discharge.

Assessments included nerve conduction tests of two
motor nemes. usually median and tibia]. Nerve conduction

velocities, distal Iatencies, evoked response amplitudes and
F response latencies were recorded. pulmonary function

measurements ( P, Max and f, Ylax) were performed by ~

respiratory therapist. Functional performance was quantl.
fied by FIki scores generated by a certified occupation!

therapist. The FIM is an established and ~alidmed func.
tional status instrument designed for use in the rehabi]lta.

[ion population (Dodds et id.. 1993). The HM require~
rating the performance of 18 tasks of daily living from 1

(dependent) to 7 (independent). and calculating the sum
(maximum score 126). Motor function was quantified by ~
neurologist, using the scale de~eloped in the previouj

study (Aisen et al., 1994: Bensimon e[ al.. 1994; La.

comblez et al., 19S9). Strength in fourteen individual

muscle groups was scored (O = no contraction – 5 =
normal strength) and summed. The Ajh~orth scale was
used to assess muscle tone (Ashworth. 1964).

Serum samples were taken every half hour for up to 2 h

after patients received maximum levels of drug. and DAP
concentrations were measured on site with high ~d”or-
mance liquid chromatography. after completion of the
clinical trial. Statistical analysis of data was performed on
a Macintosh H computer using the Statview 11 software
program. One factor analysis of variance (.AXOVA) with

post hoc analysis was performed to compare admission
and discharge performance and DAP and placebo perfor-
mance.

3. Results

The average length of stay for the jtudy population wok

20.33 days (S. D. = 4.30 days). The mem maximum toler-
ated dose of DAP was 44.44 mg (SD. = 24.68 mg: rmge
10 to 80 mg) and of placebo was 46.11 mg (S.D. = ?.3 69

Patienl D*P Side effects SeJeri[y Placebo

(mg)

Side effects Se~erlty

(m:)

A 80 Tingling (pencr~l and fingertip>) \lild $0 BJd [os{e In mouth !vlild —

B 10 Tingling (Iefi hand) \tiId 10 >one S4

c 60 Tin:ling (per! or21. lingers. neck). Jhdomin.d cmmping \llld 60 Tingling (permral) \iild

D 60 .Abdominal cr~mping Mild 60 Tingling ~perioral). ~bdomintil cramping >“’4

E 30 None XV, 3(J Tingling ~~rioral). ~nxie[y ?Iiid

F 60 Xone Y/,4 60 Tingling (right leg) Y[ild

G 60 Tingling (periorid) Mild W) None 5,/.4

H 25 Tingling (fzcial 30 m: 1.~bdominal crampjn: SeJere 40 Abdominal cmmping !vlild

I 15 Tingling (periord 20 mg). abdomin~l cmmping \f odtro[e 15 %one s~.x
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mg: range 10 to 80 mg). Side effects occurred on DAP and

_@=cebo as shown in Table 1. and included paresthesia.

‘ety. and abdominal cramping.

Analysis of FI!vl scores on DAP and placebo showed no
significant difference ( p = 0.902; mean D,4P score =
]02.4.4, S.D. = 19,11, placebo = 102.67, SD. = 19.16).

However. a statistically significant impro~ement between
admission and discharge FI?vl scores was e~ident ( p =
0.033). The group mean score increased from 96.5 (S.D, =

18.21 ) on admission to IO] .88 (17.84) on discharge,

Motor strength did not significantly change either on
DAP ( p = 0,966; mean DAP score = 55.53, SD. = 1I. OS:
placebo = 55.59. S,D, = 4.49) or between admission and
discharge ( p = 0.782: mean DAP score = 53,61, S.D. =
1I.01. placebo = 53.24. SD. = 13.52). Similarlj. grip

strength recordings and ,4shworth assessments also shoved
no significant changes,

Speech intelligibility} scores similar]} showed no differ-
ence between DAP and placebo ( p = 0.480: mean D.AP
score = 47.50. S.D. = 35.83. placebo = 51.5. S.D. = 31 .26)

bu[ did improve significantly bemveen admission and dis-

charge ( p = 0.0486: mean DAP admission score = 34.00.

SD. = 35.63. discharge= 50.50. S.D. = 33.20),

Nerve conduction \eloci[ies. evoked response ampli-
tudes. and F-wave Iatencies showed no significant differ-
ences among admission. DAP. and placebo assessments.

NO rever~a]s in conduction block occurred There was also

~ significant change in group P, Max and P, Max perfor-
itce from admission to discharge and between D.4P and

placebo.

Peak serum levels of DAP ranged from 13-27 rig/ml.
The mean peak serum Ie\el was 20.11 ng/mL (s.D. =

5.11 ). The average time to peak level was 1.25 h (0.56).
(Fig, 1).

4. Discussion

As in our prelious study. subjects treated uith multidis-
ciplina~ rehabilitation and DAP experienced an improve-

ment in functional status. This stud~ showed improl’ement

csccurnn~ independem of D.4P or placebo treatment. and
was sustained after all stud) drug was discontinued. .Motor
strength scores increased to a desyee u’hich did not achieve

significance on both actil’e medication and placebo. and

declined after the drug was discontinued. These findings
we consistent with our prior open label stud). and suggest

that changes in strength reflect a placebo effect. The> also
suggest that short ternt intensive multidisciplina~ rehabili-
tation improves function in patients with profound impair-
ment and disability from advanced ALS. We conclude that

oral DAP does not have a useful role in the treatment of
ad~anced ALS. but that short term inpatient rehabilitation
ma!, despite the progressive nature of the disease. Short-

terrn intensive inpatient rehabilitation is not conventional
in this population, prhaps because of a prevailing belief

that its cost is not warranted in an incurable disease.
Further study is needed to clarify the degree of benefit in
terms of quality of life. morbidity, mortality and eco-

nomics. It is important to determine how long lasting these
effects are and explore alternatives to inpatient rehabilita-
tion in controlled pilo[ programs.
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Abstract

3.-LDlaminop!ndint (D,4P) enhances ace!> lcholine release from the neme terminal and Improves conduction in demyelinated axon<

In [his double-blinded placebo comrolled cross mer stud) we eiamined the effects of D.4P combinrd with inpatienl rehabilitation in nine
pauen[s with di~ablin~ mmor weakness due [o amyotrophlc lateral \clercrsis (.ALS). A wngle dose of DAP or placetro was increased dail!
to the ma~imum (range 10–80 mg) tolerated doie: after paoents were awes~ed on the firs[ treatment. the altema[e drug was gn~en in [he
same manner, Functional Independence ,Mezwremenr (FI.M ). .Ashworth. yip mength. limb strength measurements. nene conduction

studies and speech assessments were initialed I /2 h after recei}ing the maximum mlerated dose of DAP or placebo. DAP was tolerated
in all patients. but Iimiled b! gas[roin[estinal side effects in four pa[ients. The mean peak serum Ie\el was 20.11 (S. D = 5.11 ) rig/ml,

~urnng 1.25 (SD. = 0.56) h after dose A statistical> sigmficanl lmpro~ement m FIM and speech asessmem scores between admission
-- “’discharge occurred, Howe\er, no significant differences in cllnical or electrophysioiqic measures were seen between DAP and

.ebo treatments. This stud} suggests that intensive inpatient rehabilitation has a role in the manqement of patients with ALS. but DAP
does not diminish mrrtor impa!rmen[.

Kmwords. 4myowophtc ia~eral sclerosis. D!tim]nop> rid!rre: Rehahtll[a{v.wr

1.Introduction

Am)otrophic lateral sclerosis (ALS ) causes in.sidiouslj
progressive mo[or weakness due IO degeneration of p} ra-

midal [racts and motor neurons Con\ entional man:igemen[
currentlt focuses on [reatin~ the neurological and medical

comp]lca[i~ns of the illness Recent]> we reported the
resu]ts of an open laf-wI stud! of sing]e dose oral 3.4-d}-

arninop\ ridine (D,4p) c~mhlned u ith inpa[ien[ rehabilita-
tion in- pa[l~n[s with sef ere late stage ALS for s>n~p-
lomatic [r~a:m~n[ of di~abling motor w’eahness (%isen t[

id.. 1994), D.Ap is a \IQU po[assium channrl hloc~er uhlch

enhances ace[f Ichollne wltase from the nen e lermind] and
improles coriduc[lc~n in unnl~rlinated and dem!elinamd

nene, me anllnoP}rl,jines ha\ e \hou n promi<e In am?lt O-

~ting motor weakness jn o[her di~ea~es of central znd

Peripheral nencws s>stem (Lundh et al.. 19S4: Bm er et

~,...

—
“ Cm-rrspomtlrr: au[hcrr Tel - I 914 9-$6 -O(J50

al.. 1994 and Bever et al.. 1990: McE\oy et al.. 1989:
kfurra: and Nv.vsom-Da\is. 1981 ),

In addition 10 causing degeneration on motor neurons.
.ALS is associated v ith corticospinal tract degeneration
with dem> cllna[ion: significant prolongation of central mo-

tor conduction lalencies have been reported (Hugon et al..

19S7. Ingram and Swash. 1987). Our rationale for choos-
ing D.\P as a s!mptrrmatic weatment for disabling limb
paresis in ALS was based on I[s polentia} for enhancing

central conduction velocil!. In addi[ion. DAP can improle
peripheral S)naptic efficiency. and pretious studies ha~e
sugge<[ed short-term benefit in strength in ALS patients

g!ven guanidlne. another drug which enhances acet) 1-
choline release from the nerve terminal (Norris. 1973 ).

In the pilo[ stud>. D.4P was uell tolera[ed in patients

u ith adl anced ,ALS. Doses of 20–80 mg appeared 10

produce a mode~t increase in strength and a sigmlfican[
in~pro\ emen[ in functicmal status. as measured by the

Functional Independence Measure (FIM) (Granger e[ al..
1986). lmpro~ ements in strength and ftinctional status
were maintained 1–3 weeks after the drug uas di.scon[in-
ued.
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To ascertain whether DAP and/or inpatient rehabilita-
tion have a meaningful role in ALS. we conducted a

double-blind placek controlled crossover study of the

effects of single oral dose therapy on motor strength.
functional status and nerve conduction (NCV).

2. Materials and methods

Nine patients (5 male. 4 female; ages 47-75:0.25-9.00

years since diagnosis) with disabling motor weakness due

to advanced (ALS) were admitted to the Burke Rehabilita-
tion Hospital. The diagnosis was based on a history of

progressive weakness. clinical evidence of upper and lower

motor neuron dysfunction, electromyographic evidence of

denervation in a minimum of [hr?e limbs and the exclusion
of other conditions. Before entering the study all patients

had an electrocardiogram. an electroencephalogram. a

complete blood count. and renal and liver function tests:
any significant abnormality precluded study participation.

The protocol was approved by the Institutional Review

Board of the Burke Rehabilitation l{ospital. Written in-
formed consent was obtained.

Etch patient received doily individualized physical and
occupational therapy. Speech therapy was prescribed to

4/9 patients on the basis of clinical need.

Patients received a daily oral dose of the drug studied
with either breakfast or lunch. The Burke Reh~bilitation

Hospital pharmacy compounded 250 mg lactose with 10
mg DAP in clear gelatin capsules. Placebo capsules con-

tained only lactose. Patients received either DAP or placebo

(’drug 1‘) during the first evaluation period. and the aher-
native (‘drug 2’) during the second. DAP or placebo was

~dmini~tered by the pharmacy to patients in code format.
ln~estig~[ors. ther~pis[s. md study ~ubjects remained

blinded to dosage contents. The code ww not broken unul

all subjects completed the $tud~ and were discharged.

Dosage started it 10 mg and increased daily to the ma~i-

mum tolerated dose. which did not exceed 80 mg. Pa[ients
were assessed half an hour after receiiing ma~imum drug

dosa~e.

Each patient had clinical and electrophysiologic~ eval

uations at admission. within 1 h after maximum dow ~

drug 1, within I h after maximum dose of drug 2, and ~

discharge.
Assessments included nerve conduction tests of [v{

motor nemes. usually median and tibia]. Nerv’e conduction

velocities. distal Iatencies. evoked response amplitudes ~n(

F response Iatencles were recorded. pulmonary functlo[

measurements (P, Max and P, Max) were ~rforrned by ,

respiratory therapist. Functional performance was quan[l
fied by FIN! scores generated by a certified occupatl{)n~

therapist. The Fl\l is an established md \alidated func.

tional status instrument designed for use in the rehabl{ita

tion population (Doddsetal..1993).The ~~f require.

rating the performance of 18 tasks of daily living from i

(dependent) to 7 (independent). and calcul~[ing the sun

(maximum score 126). Motor function was quantified by .
neurologist, using the scale de~eloped in the prevlou

study (Aisen et al.. 1994: Bensimon et al,. 1994: LJ

comblez et al.. 1989). Strength in foufleen indilidua

muscle groups was scored (O = no contraction – 5 =

normal s[rength) and summed. The A$hWorth scale WJ.
used to assess muscle tone (.~shworth. 1964).

Serum samples were taken every half hour for up to 2 h

after patients received maximum levels of drug. and D,AF

concentrations were measured on site with high pet-t”or.
mance liquid chromatography. after completion of th’

clinical trial. Statistical analysis of data was performed or

a Macintosh H computer using the Statview [1 softw ar.
program. One factor analysis of vtiance (.+X’OVA) wit}

post hoc analysis was performed to compare ~dmissior

and discharge performance and D.AP and placebo pm-for
mance.

3. Results

The average length of stay for the study population A:]

20,33 days (SD. = 4.30 days). The mcm maximum [oler

ated dose of DAP was 44.44 m.g (S. D. = 24.68 m:: rang~
10 to 80 m:) and of placebo was 46.1 I mg (S.D. = 2.? @
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mg; range 10 to 80 mg). Side effects occurred on DAP and

p!~cebo as shown in Table 1. and included Paresthesia.
~~+iet~. and abdominal cramping.

~nalysis of FIM scores on DAP and placebo showed no
significant difference ( p = 0.902; mean D.4P score =
102,a, s.11. = ]9.1 1, placebo = 102.67, S D. = 19.16).

However. a s[a[istica]ly significant improtemen[ between

admission and discharge FI?vl scores was elident ( p =

0.033). The group mean score increased from 96.5 (S. D. =

18.21) on admission to 101,88 (17.84) on discharg?.

Motor strength did not significant} chtinge either on
DAP (p = 0.966: mean DAP score = 55.53, S.D. = 11.05:
placebo = 5S.S9. S.D. = 4.49) or betueen admission and
discharge ( p = 0.782: mean D,AP score = 53,61. S.D, =
I 1,01. placebo = 53.2-$. SD. = 13.52). Similar]>. gnp
strength recordings and Ashworth assessments also showed

no significant changes,

Speech inlelligibilir) scores similar]) showed no differ-
ence hetu een DAP and placebo ( p ==O 480: mean D.\P
score = 47.50. S.D, = 3S,8.?. placebo = 51. S. SD. = 31.26)

but did impro}e signifjcan[l~ betueen admission and dis-
charge ( p = ().f3486. mem D.AP admission score = 34.00.

S.D, = ~5.63, discharge = 50.50, S.D = 33,20).

Nerve conduction leloci~)es. e~ohed response ampli-
tudes. and F.wa\e Iatencies st-mweci no significtinl cllffer-

ences arnon: admission. D,AP.and placebo assessments,
NO Telersa]s jn C(,.;duction block occur-red There u as also

–s significant change in group P, Max and PcMax perfor-.-
nce from admission 10 discharge and between D.4P and

placebo.

Peak serum Ie\els of DAP ranged from 13-27 ng,iml.
The mean peak serum Ie\el was 20. I 1 ng/mL (S. D. =

5.11 ). The average [ime to peak level was 1.25 h (0.56).
(Fig. 1).

4. Discussion

AS in our pre~ ious study. subjects treated with mt.tltidis-

ciplina~ rehabilitation and DAP experienced an improve-
ment In functional status. This study showed improvement

occum’ng independent of D,4P or placebo treatment. and
uas sustained after all stud} drug was discontinued Motor

strength scores increased to a degree which did not achie~e
significance on both active medication and placebo. and

declined after the drug was discontinued. These findings

are consistent with our prior open label stud!. and suggest
that changes in s[rength reflec[ a placebo effect. The) also
suggest [hat short term in[ensi~e multidisciplinary rehabili-

tation improves function in patients wiLh profound impair-

men[ and disability from ad~anced ALS. We conclude [ha[

oral DAP does not have a useful role in the treatment of
adtanced ALS, but that short term inpatienl rehabilitation

ma}. despite the progressive nature of the disease. Short-
terrn intensive inpatien[ rehabilitation is not con~entional

in this Population. perhaps because of a prevailing belief

that its cost is not warranted in an incurable disease.
Further study is needed to clarify the degree of benefit in
[et-m of quali[) of life. morbidity, mortality and eco-

nomics. Itis important to delermine how long lasting these
effec[s are and explore alternatives to inpatient rehabilita-

tion in controlled pilo[ programs.
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Treatment with oral 3,4 diaminopyridine-...
–- improves leg strength in multiple

sclerosis patients:
Results of a randomized, double-blind, placebo-controlled,

crossover trial

C.T. Bever, Jr., MD; P.A. Anderson, PhD; J. Leslie, PhD; H.S. Panitch, MD; S. Dhib-Jalbut, MD;
O.A. Khan, MD; R. Mile, MD; J.R, Hebel, PhD; K.L. Conway, RN; E. Katz, RN; and K.P. Johnson, MD

Article abstract—To examinethe e~cacy and toxicityof oral 3,4 diaminopyridine(DAP)in dosages up to 100 mg/day, 36
patients with multiple sclerosis (MS) enrolled in a randomized, double-blind, placebo-controlled, crossover trial. The
primary outcome measure was improvement of a prospectively defined necrologic deficit, which was leg weakness in 34
patients. Secondary outcome measures included the patient’s subjective response, scored manual motor testing (MMT) of
leg strength, scored leg strength from videotaped motor testing WMT), quadriceps and hamstrings strength (QMT.I
measured by isometric dynamometry, neuropsychological testing [NPT I, ambulation index (AI), and Expanded Disability
Status Scale (EDSS) score. Paresthesia and abdominal pain were common and were dose limiting in eight patients, Three
patients had episodes of confusion, and one patient had a seizure while on DAP. Eight patients withdrew from the study,
leaving 28 evaluable patients for the efllcacy analysis. The prospectively defined necrologic deficit improved in 24
patients—22 on DAP and 2 on placebo ( p = 0,0005). All improvements were in leg weakness. Subjective response and
measures of leg strength and function (MMT, VMT, QMT, and AI) improved on DAP compared with placebo. Neither NPT
nor EDSS scores improved. DAP treatment can induce improvements in leg strength in MS patients, but toxicity is
1“ :ting in many patienta.
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Multiple sclerosis (MS) is a primary inflammatory
demyelinating disease of the CNS that frequently
causes chronic necrologic symptoms’ that vary
widely from patient to patient depending on the loca-
tion and extent of demyelination.2 Although symp-
tomatic treatments are available for some MS symp-
toms,3 there are no pharmacologic treatments for leg
weakness, one of the most common and disabling MS
symptoms. The observations that cooling’ and
changes in serum ionized calciums could cause im-
provement of necrologic symptoms in MS patients
suggested that the dysfunction was, in part, physio-
logic rather than being due to axonal or neuronal
loss. Pathologic studies showing relative presema-
tion of axons in areas of demyelinationG supported
this conclusion. E]ectrophysiologic studies of demy -
elinated neme fibers show that abnormal potassium
currents contribute to conduction failure by decreas-
ing action potential duration and amplituck.~ Potas-
sium channel blockers such as 4-aminopyridine (AP)
and 3,4 diaminopyridine (DAP)8 improve nerve im -

pulse propagation in vitro, suggesting that they
might be useful in treating MS patients.

Preliminary studies suggest that AP and DAP im-
prove symptoms in some MS patients. AP impro~’es
necrologic de ficitsg’4 and function’5 in MS patients,
but has significant toxicity.’’”” A preliminary open-
label study of DAP doses up to 100 mg/day showed
evidence of benefit without significant toxicity,’y but
two subsequent controlled trials using doses up to 80
mglday in di~<ded dosage showed little or no bene-
fit.’G’h We have now carried out a randomized,
double-blind, placebo-controlled trial in 36 MS pa-
tients to determine the safety, tolerability, and effi-
cacy of oral DAP in divided doses up to 100 mglday.
The primary outcome measure was improvement in
prospectively defined necrologic deficits, which was
leg weakness in 34 patients and arm ataxia in two.
The secondary outcome measures were the patient’s
subjective response, results of manual motor testing
of lower extremity, ratings of videotaped necrologic
examinations, quadriceps and hamstrings strength
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as measured by isometric dynamometry, neuropsy-
chological performance, ambulation, and overall dis-
ability.

Methods. Study medication. 3,4 DAP was obtained
from Regis Chemical Corporation (Morton Grove, IL) un-
der an investigational new drug license to C.T.B. and for-
mulated in capsules in the Department of industrial Phar-
macy, School of Pharmacy, University of Maryland. An
active placebo was used; identical capsules were prepared
containing 10 mg of nicotinic acid (a dose found in prelim-
inary studies to produce paresthesia but not facial flush-
ing).

DAP dosing. At the beginning of each treatment arm,
patients were dose escalated from one capsule a day up to
five per day (taken at 7 m, 11 AM,2 PM, 5 P!vi,and 8 PM)
over a 5-day period. Patients were then maintained at that
dosage unless intolerable side effects occurred, in which
case patients took one-half a capsule five times a day on
the same schedule.

DAP serum levels. Serum samples were drawn 30 min-
utes afler the 11 AM dose twice during each treatment
period (after 1 week on treatment and on the day of the
final evaluation). Coded serum DAP levels were run using
a previously published method’g and reported to the study
safety monitor (K.P.J. ), who had the authority to break the
blind and reduce DAP dosage if potentially dangerous DAP
levels were seen. The study monitor did not break the
blind on any patient or reduce dosage.

Pattints. Thirty-six patients with clinical or laboratory-
supported definite IMSW between the ages of 21 and 65
were enrolled. Only patients with an acceptable study def-
icit were included. This was defined as a new but stable
necrologic deficit or an established deficit that was wors-
ened by heat or exercise. New but stable deficits included
only deficits that had been stable for more than 2 months,
but not present longer than 2 years. Patients with compli-
cating medical illnesses were excluded as were women who
were pregnant or lactating. ln addition, patients with a
history of seizures, unexplained syncope, or epileptiform
activity on EEG were excluded. Patients who were unable
to abstain from operating motor vehicles during the treat-
ment periods were exc!uded. Fertile women were required
to use an acceptable method of birth control. Patients were
permitted to take symptomatic therapies during the trial
but were required to maintain a consistent dosage and
schedule. Where possible, patients were taken off baclofen
during the study, and where this was not possible, dosage
strengths and timing were carefully monitored and main-
tained constant throughout the study. The use of cortico-
steroids and immunosuppressive agents was not permitted
during the study, The study was lRB approved, and all
patients gave informed consent for participation.

Study design. Oral DAP was compared with nicotinic
acid (which was selected because it produces paresthesia
similar to those of DAP, but has no demonstrated effect on
either MS or core body temperature). Patients were ran-
domized to a sequence of two 30-day treatment periods
separat~d by a 30-day washout period. Efficacy evalua-
tions were carried out at baseline and at the end of each,
30-day period by a blinded examining neurologist. Evalua-
tions were carried out in the same facility and at the same

time of day, and oral temperature was monitored to a t

3
that differences were not due to temperature variations.’

Safety evaluatwns. At the end of each treatment ‘, Y

‘J?riod, CBC with differential; serum chemistries inclu “ * ,
electrolytes, blood urea nitrogen, creatinine, LDH, SGOT4}
and SGPT; coagulation profile including prothrombin time
and partial thromboplastin time; and urinalysis were car-
ried out. In addition, ECGS and EEGs were obtained.

Efficacy evaluations. Prospectively defined necrologic
deficit. During the screening evaluation, the ea~g

neurologist specified and rated the study deficit. This defi-
cit was rated at the end of each 30-day treatment period,
and at the final evaluation the examining physician indi-
cated whether the study deficit had improved and, if so,
during which treatment period it improved.

Patient subjective response. At the end of each treat-—-
ment period, patients were asked whether they noted any
improvement in their necrologic deficits, and their re-
sponse was recorded. At the end of the second treatment
period, the patients were asked which treatment had
caused greater improvement.

Man~al motor &sting (MMT) of leg strength. Strength
in the right and lefl iliopsoas, quadriceps, hamstrings, gas-
trocnem~us, and anterior tibialis muscles was assessed on
examination and rated using the five-point MRC scale.:] A
strength score at each time point was obtained by sum-
ming the ratings of the individual muscles.

Scored videotaped necrologic examination. The exam-
ining physician’s necrologic examination was recorded at
the end of each treatment period. The paired tapes from
the two treatment periods were reviewed by neurologists
not involved in the conduct of the trial who rated motor
strength in the legs, ambulation, and overall improvement.
Leg strength from videotaped motor testing (VMT) was
rated in the right and left iliopsoas, quadriceps, ham-
strings, gastrocnemius, and anterior tibialis muscles using
the five-point MRC scale.z’ A score for each time point was
obtained by summing the ratings of the individual mus-
cles. Ambulation was rated using an arbitrary O to 5 scale
and for the global assessment based on the evaluator’s
assessment as to the treatment period during which the
patient appeared better neurologically.

Quad~~eps and hamstrings &ren&h (QMT) measured
by isometric dynamometry. Maximum force output of the

——.

quadriceps and hamstrings muscles in isometric contrac-

tion was measured using a testing apparatus consisting of
a computer-controlled hydraulically powered lever arm
coupled to a force transducer 1Kin-Corn, Med*Ex Diagnos-
tics, Inc., Canada ). Testing was carried out at the same
time of day for each patient at the same ambient tempera-
ture by the same examiner ~P.A.A. ). Patients were tested
seated on the apparatus with 110° of hip flexion and 45’ of
knee extension. Strength was measured in triplicate deter-
minations ~with a l-minute rest between replicates 1 ot
maximum isometric contractions of the quadriceps .lnd
hamstrings muscles using a Kin-Corn testing apparatus
Strength was expressed in dyneslmz.

Neuropsychological evaluation (NPT). Patients wer(-
tested using-the Brief Repeat~B- of Neuropsycho-
Iogical Tests for .Multiple Sclerosis,>”< which is comprised

of the Selective Reminding Test, the 10/36 Spatial Recall
Test, the Symbol Digit Modalities, the Paced Auditory Se-
rial Addition Task. and Word List Generation Tests. It was
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Table1Summary of necrologic evaluations

Number of patients Mean score or power : standard

-n
improved error

—.—

xome measure DAP Placebo DAP Placebo p value
—

Study deficit 22 2 — — 0.0005+

Patient subjective 15 3 — — O,o(m

Manual motor test score 17 4 41.6 = 1.63 39.9 t 1.7 0.002$

Quantitative motor testing

Hamstrings strength* 15 9 130:12 123t 11 0.001$

Quadriceps strength* 16 8 231 r 27 206525 0.04+

Video ratings

Leg strength score 17 8 58.1 z 2.9 56.8 f 3.0 0.001;

Ambulation score 11 5 4.94 T 0.50 4.48 z 0.49 0.054:

Global rating 14 6 1.12:0.18 0.52 ~ 0.15 0.084+

Ambulation index 5 0 5.0z0.41 5.15:0.45 0.02$

* Dynedm2.
t Exact binomial probability.
+ From Wilcoxon signed rank test

administered and scored according to published proce-
dures.zs Tests were administered by the same examiner, at
the same location, at the same time of day for all patients,
and alternate forms were used for each repeated examina-
tion.

~~ ‘%tibulation index (AI) and ExpandedDisabilitys~tus
%(EDSS). Standardnecrologichistory and examina-

~...l were used to score the patientson the EDSS. m Timed
ambulation on a 25-foot course was used to rate the pa-
tients on the AI,z’

Statistical methods. The treatment response of the
prospectively defined study deficit in each patient was
rated and the patient subjective response assessed at the
end of the second treatment period, The significance of
differences in improvement rates for the study deficit and
the patient subjective response were determined using ex-
act binomial probabilities. Paired scores (DAP treatment
arm versus placebo arm within patients) from MMT, QMT,
VMT, NIT, and AI were compared using the Wilcoxon
signed rank test. Means and standard errors for MMT,
QMT, NPT, and Al were calculated for descriptive pur-
poses,

Results. Patient characteristics and retention. Thirty-
six patients (14 men and 22 women) were enrolled in the
study (table 1). The mean age was 44 (range, 21 to 65},
mean EDSS score at ent~ of 6.0 (range, 2.5 to 9.0), and
disease duration was 15.6 years (range, 2 tQ 29 years).
Twenty-nine patients had chronic progressive and seven
patients had relapsing-progressive MS. The study deficits
in 34 were ]eg weakness and in 2 arm ataxia. Eight pa-
tients failed to complete the study— one because of the
~wence of a urinary tract infection with confusion and

-~-ologic deterioration (no. 1), one for personal reasons
11), one because of paresthesia and anxiety (no. 17),

four beca~e of disease progression requiring steroid treat-

ment (nos. 25, 27, 30, and 32), and one because of the
~ence of aspiration pneumonia (no. 33). Twenty-eight
patients completed the study. Thirteen received DAP dur-

;j,j
:+:.+

ing the first treatment period, and eight received it during
the second. Although patients were randomly assigned to
treatment order, it was found at the completion of the
study that the group who received DAP first were less
disabled, with an average EDSS score of 4.8 compared
with an average of 7.2 in those who received DAP second.

Adverse euents. Thirty-one of 36 patients reported
DAP-related adverse events. The most common adverse
events were paresthesias, which were reported by 25 pa-
tients on DAP and 5 patients on placebo. Abdominal pain
was reported by 19 patients on DAP and only 2 on placebo.
Confusion occurred in three patients on DAP and no pa-
tient on placebo; however, two of the episodes occurred in
the context of complicating medical illnesses—urosepsis in
patient 1 and aspiration pneumonia in patient 33. A grand
mal seizure occurred in patient 4 while on DAP treatment,
and no seizures occurred during the placebo arm of the
trial. Dose-limiting side effects were encountered in eight
patients on DAP. This was due to abdominal pain or par-
esthesia in seven and anxiety in one (no. 17), and was
managed by reductions of DAP dosage to 10 mg five times
a day in five patients and by discontinuation of treatment
in three.

Efficacy. Primary outcome measure. A significant
treatment-related effect was seen in the primary outcome
measure, which was improvement in the ‘prospectively de-
fined necrologic deficit. Twenty-four patients im-
proved-22 on DAP and 2 on placebo ( p = 0.0005, Fisher’s
exact test 1.

Subjective response. Seventeen patients reported sub-
ject~e improvement during treatment—14 improved dur-
ing the DAP arm only, two improved during the placebo
arm only ( p = 0.009, Fisher’s exact test), and one patient
(no. 10) reported improvement during both arms.

Manual motor testing. MMT of the leg strength (see
table 1) improved in 17 patients during the DAP arm and
in four during the placebo arm (seven were unchanged).
Mean strength scores are shown in figure 1. Patients who
received DAP first are shown separately from those who
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Figure 1. Graph of mean strength scores measured by
manual motor testing ouer the 16-week trial in patients
who received DAP during the first (white circles) and sec-
ond (black circles) treatment periods.

received DAP second, and because of the difference in av-
erage disability between the two groups, the baseline
means are different. A second analysis was carried out
comparing the scores for all patients during the DAP arm
with the scores during the placebo arm. Although the
mean examination score of 41.6 during the DAP treatment
arm was only slightly higher than the mean score of 39.9
during the placebo arm, the difference between the two
arms was statistically significant ( p = 0.002, Wilcoxon
simed rank test).

‘Evaluations of videotaped necrologic examina-
tions. Videotaped necrologic examinations were available
from both treatment periods on 25 patients (see table 1}.

Scored leg strength was significantly higher during the
DAP treatment period ( p = 0.001, Wilcoxon signed rank
test ). Trends in favor of DAP treatment were seen in both
scored ambulation and global assessment (see table 1).

Quantitative motor testing. A significant treatment-
related improvement was seen in the results of quantita-
tive measurement of quadriceps and hamstrings strength
(see table 1). Changes in mean strengths are shown in
figure 2. Again, patients who received DAP first are shown
separately from those who received DAP second, and the
baseline means are different for the two groups. A sepa-
rate analysis comparing all scores for the two treatment
~rms showed that mean hamstrings strength was 130
dynes’mz during the DAP-treatment arm compared with
124 dynes/mq during the placebo arm ~p = 0.001, Wilcoxon
signed rank test ). Mean quadriceps strength was 233
dynes/m2 during the DAP-treatment arm and 21O
dynes/m2 during the placebo-treatment arm f p = 0.041,
Wilcoxon signed rank test).

Ambulation. ?Jean AI over the course of the trial is
sho=n in figure 3. Again, mean baseline AIs for the two
treatment groups (DAP first versus placebo first) were

250-

(

2oo -

1!4----’-
I I I I
o 4 8 12

Week

Figure 2. Graph of mean quadriceps (circles) and ham-
strings (squares) strength measured by iso@rlc dyna -
mometty ocer the 16-week trial in patients who received
DAP during the first (white symbols) and second {black
symbols) treatment periods.

slightly different. In a separate analysis comparing scores
during DAP treatment with those during placebo treat-
ment, improvements in AI were seen during DAP treat-
ment ( p = 0.022, Wilcoxon signed rank test).

Responder analysis. A responder analysis was carried
out to determine whether improvement in the study deficit
correlated with improvement in .MMT, VMT, and QMT. Of
the 21 patients who had improvement in their study deficit

6.6-

{
6.4-

4.2-

(
4-

0 4 8 1“2 16

Week

Figure 3. Graph of mean ambulation index ouer the 16-
~eek trial in patients u!ho i <ceiced DAP during the first
/white circles) and second (black circles} treatment

periods.
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T&bI%2Summaty of neuropsychological test results (mean score]

,Qytcome measure DAP Placebo
-.

_—
ctive reminding 37.5 t 10.3 36.9 :12.4

d6 spatial recall 18,8 z 5.0 17.2 z 5.7
(long-term storage)

Symbol digit modalities 34.2 t 15.5 34.5 z 17.6

Paced auditory serial addition 66.6 z 24.7 65.4 Z 24.0

Word list generation 28.6 z 10.2 27.7 z 9.4

(leg strength ), 19 had improvement in at least two of the
other measures, and 10 had improvement in all.

Other etlicacy evaluations. None of the outcome mea-
sures showed evidence of a period or carry-over effect
~Fisher’s exact test, results not given). No significant
treatment-related changes in NP performance were seen
(table 2). No changes in EDSS score were seen during
either treatment arm (results not given ). Thitien of the
22 patients with improvement in their prospectively de-
fined necrologic deficits elected to enter an open-label ex-
tension of treatment.

Serum level data. The magnitude of peak serum DAP
levels correlated with adverse events but not efficacy. Se-
rum level data were available on 28 patients. DAP was
detected in 26 patients during the DAP-treatrnent period,
and no DAP was detected in the serum of any patient
during the placebo-treatment period. The mean peak se-

~~, DAP level was 44 ~ 7.4 ng/mL. The mean peak level
“e 10 patients in whom dosage reduction was necessary

~ . to adverse events was 69 z 19 ng/mL whereas the
mean peak level in 18 patients who did not require a
dosage reduction was 37.2 ~ 7.3 ng/mL (p < 0,05, Stu-

dent’s t test). The mean peak level in patients who had

improvement in study deficit, MMT, VMT, and QMT was

41 z 9.1 ng/mL, not significantly different from the mean

for all patients,

Discussion. Treatment with oral DAP in total
daily doses up to 100 mg/day produced improvement
in prospectively defined necrologic deficits in MS pa-
tients in a double-blind, placebo-controlled, crossover
trial. In addition, lower-extremity strength, as mea-
sured by manual and quantitative isometric testing,
and lower-extremity function, as indicated by im-
provement in AI, improved. These results are consis-
tent with the results of an open label trial.” One
pre}-ious placebo-controlled trial of DAP doses up to
80 mgfckiy showed subjective but not objective im-
provements in MS patients. ” A second, blinded,
crossover comparison of oral DAP in doses of 40 to 80
mg/day with oral AP showed improvement in neuro-
physiologic tests of visual function comparable with
AP,= but no improvements in ambulation, vision,
and spasticity. The only clinically relevant changes
‘-=? improvements in concentration in one patient--

-fatigue in one patient of ten tested. AP produces
similar motor improvements,g which are related to
total drug exposure, not peak serum concentration.
Although DAP treatment did not improve EDSS
SCOreSas AP treatment did in one trial,’5 five pa-

tients had improvement of ambulation as reflected in
the AI. The present trial is the first to show signifi-
cant necrologic improvements with DAP treatment
in a randomized, double-blind, placebo-controlled for-
mat.

DAP doses up to 100 mglday produced significant
toxicity. Eighty-six percent of 36 patients reported
side effects during the DAP arm of the trial, whereas
only 20% reported them during the placebo arm. The
frequency of side effects was greater in this trial
than in previous trials of lower doses of DAP, 1s28but
comparable with a trial of AP in which 70% of pa-
tients reported side effects during the period of ac-
tive treatment.’s The most common side effects were
paresthesia reported by 25 patients and abdominal
pain reported by 19 patients during the DAP arm.
These results are similar to a comparison of DAP
and AP28 and suggest that DAP has greater perip-
heral toxicity than AP. Abdominal pain necessitating
dosage reduction occurred in six patients during the
DAP arm of the present study. Studies of AP did not
produce comparable results because dose titration
protocols were used. 13’s Patient no. 2, who had no
history of syncope or seizures, had_ a generalized
tonic-clonic seizure, which appeared to be DAP re-
lated. DAP”g and AF’*G rarely cause seizures and are
dose and serum concentration related.g Two serious
adverse events (requiring hospitalization) occurred
that were not clearly related to DAP treatment: one
patient (no. 1) developed a confusional episode in the
context of urosepsis while on DAP, and a second
patient (no. 33), who had a history of episodes of
choking with airway obstruction, had a similar epi-
sode resulting in an aspiration pneumonia while on
DAP. Similar to the experience with AP,’ DAP tmic-
ity appears to be related to peak serum levels.’~ Be-
cause increased tolerability of AP has been achieved
by the use of a controlled-release formulation,’” and
the serum half-life of DAP is shorter than AP,]T a
similar approach might be useful with DAP. Al-
though DAP treatment appears to improve leg
strength and ambulation in some MS patients, it has
significant toxicity, and its use should be limited to
therapeutic trials until definitive trials show that it
is safe and effective.
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● EDIENT NAME:

DILO XkNIDE FUR OAT~

Chemical Name:

Entaxnide 2-Furoate, Furarnide, Furamide (Amebicide), 2-Furancarboxylic Acid, 4-
((Dichloroacetyl) Methylamino) Phenyl Ester, 4-(N-Methyl-2,2-Dichloroacetamido)phenyl
2-fhroate

Common Name:

Dichlofirazol, Diclofimzol, Histornibal, Miforo~ Furentomi~ Furarnide, Furarnid,
Entamizole

Chemical grade or description of the strength, quality, and purity of
the ingredient:

Assay 99.96%

Information about how the ingredient is supplied:

White Crystalline Powder, Odorless, Tasteless

Information about recognition of the substance in foreign
pharmacopoeias:

BP 1993

Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Botero, D. Amoebiasis. Trans. R. Sot. Trop. Mea! Hyg., 1967;61: 769.

Shapiro, M. M. The recurrence-rate of Giardia intestinalis. Am. J trop. A4eu!Hyg.,
1967; 16:704.

Nnochiri, E. L trop. Mea! Hyg., 1967;70:224.



.—
. Wolfe, M. S. Patients with non-dysenterica symptomatic intestinal arnoebiasis. J An.

meci Assoc., 1973;224: 1601.

Knight, R, The treatment of non-dysenterica intestinal amoebiasis. Gu/, 1973;14145.

Powell, S. J. Patients treated and was considered to have cured liver abscesses. Ann,
Trop. A4ed Parasit., 1973 ;67:367,

Sal&i,J. S. The successful treatmentofa patientwithEntamoeba polecki.Trop. Dis.
Bull. 1990;77:51 .

Bhopale, K. K., Pradh~ K. S., and Masani, K. B. Additive effect of diloxanide fbroate
and metronidazole (Entamizole) in experimental mouse caecal arnoebiasis. Indian
Journal of ExperimentalBiology. 1995;33(1):73-74.

Pehrso~ P. and Bengtsso~ E. Treatment of non-invasive amoebiasis. A comparison
between tinidazole alone and in combination with diloxanide firoate. Transactions of the
Royal Society of Tropical Medicine & Hygeine, 1983; 77(6):845-846.

SaMci, J. S., Shirey, J. L., and Strickland, G. T. Successfid treatment of symptomatic
Entarnoeba polecki infection. American Journal of Tropical Medicine & Hygeine,
1979;28(2): 190-193.——_

Wolfe, M. S. Nondysenteric intestinal amebiasis. Treatment with diloxanide fhroate.
JzLM4, 1973; 224(13): 1601-1604.

Huggins, D. Treatment of amebiasis. Hospital, 1965; 67(5) :1107-1 110,

H. Information about dosage forms used:

Tablet

I. Information about strength:

500mg 3 times daily for 5 days or 20mg/kg/daily divided into 3 daily doses for 10 days.

J. Information about route of administration:

Orally

Page -2-
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K Stability data:

Melting point 114C to 116C
Stable (Hazardous Polymerization will not occur)

L. Formulations:

M. Miscellaneous Information:

.

_n
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CERTIFICATE OF ANALYSIS

DILO~TIDE FLTROATE B.P.

BATCH # E-186/95.

MFG. DATE: 08/12/1995

Description: ~

Solubility

Identification

.— Melting Range

Free Acidity

Related Substances

Loss on drying

Sulphated Ash

Assay

.-’-’-.
/

EXPO. DATE:07/12/2000 QUANTITY: 5 KG

White Crystalline Powder, Odorless, Tasteless.

Passed

A) Positive
B) Positive
C) Positive

114° to 116°

Passed

Complies

0.34 ?40

0.038 ~o

99.96 %iy Q

n w ABOVE ms~ REsuLTs HAVZ 13fmi0E3TmED BY OLX MANIFACTbwREUPpLIEWORINOUR c2u.urrY CONTROL
J.AJlORATORY. T]HZDATA IS PROVIDED AT THE REQLZST OF AJNDFOR THE CC)N’VENIENCEOF THE CIK$TOiVIERAND DOES NOT

Z Iv:l :F1.q?TI lE Cl ;sTOMER OF ITS R~spOXSIB1r,rry TO J~N~ IT, THIS .LWALYSIS1SNOTTO BE CONSTRWD .4s ~ lV.4W~-m’,,, ...,
EX1’ILESSE13OR I.MPI.IED



QUALITY CONTROL REPORT

CHEMICAL NAME. :DILOXANIDE FUROATE {[

MANUFACTUBJZ LOT NO. :E-186/95

PHYSICAL TEST

smzcIFIcATIoN TEST sTmmw. :usP /BP /~RcK /NF_/MART._/co.sPECS._.—— —

l)DESCRIPTION .:
WHITE POWDER, ODORLESS.

2)SOLUBILITY .:
VERY SLIGHTLY SOLUBLE IN WATER AND ETHANOL; SOLUBLE IN CHLOROFO~O

3)MELTING POINT.:

.—= 114 C TO 116 C. K

4)SPECIFIC ~VfTY.:

5)IDENTIFICATION. :

FAILS .:PASSES. :

COKMENTS .:

ANALYST SIGNATURE. : DATE .:

PREPA~ TEST. : DATE. : INITIAL. :

BIITEST. : DATE. : INITIAL. :



_—

L

.-.=

------------------ 11.JEN 1 II” lLA 1 lUN -------------------

PROIXJCT #:D6413 NAME: DILOXANIDE FUROATE
CAS #: 3736-81-0
MF: C14Hl1CL2N04

SYNONYMS

L

c
AMEBIAZOL * 8073 CB * DICHLOFURAZOL * DIcLOFURAzOL * DILOXANIDE

2
FUROATE * DILOXANID FUROATE * ENTAMIDE FUROATE ENTAMI

QE 13

FURAMDE * FURAMIDE (AMEBICIDE) * 2-FURANCARBOXYLIC ACID, 4- =
~CHLOROACETYL)METHYLAMINO)PHENYL ESTER * FURENTOMIN * P

HISTOMIBAL L

MIFORON *
------------------ TOXICITY HAZARDS -------------------

RTECS NO: LVI 821800

2-FUROIC ACID, ESTER WITH
2,2-DICHLORO-4’-HYDROXY-N-METHYLACETANILIDE

ONLY SELECTED REGISTRY OF TOXIC EFFECTS OF CHEMICAL SUBSTANCES
(RTECS)

DATA IS PRESENTED HERE. SEE ACTUAL ENTRY IN RTECS FOR COMPLETE
INFORMATION.

------------------ HEALTH HAZARD DATA -----------------
ACUTE EFFECTS

HARMFUL IF SWALLOWED.
MAY BE HARM.FUL IF INHALED.
MAY BE HARMFUL IF ABSORBED THROUGH THE SKIN.
MAY CAUSE IRRITATION.
TARGET ORGAN(S):
G.I. SYSTEM
THE TOXICOLOGICAL PROPERTIES HAVE NOT BEEN THOROUGHLY
INVESTIGATED,

FIRST ATD
IF SWALLOWED, WASH OUT MOUTH WITH WATER PROVIDED PERSON IS

CONSCIOUS.
CALL A PHYSICIAN.
IN CASE OF SKIN CONTACT, FLUSH WITH COPIOUS AMOUNTS OF WATER

FOR AT LEAST 15 MINUTES, REMOVE CONTAMINATED CLOTHING AND

SHOES. CALL A PHYSICIAN.
IF INHALED, REMOVE TO FRESH AIR, IF BREATHING BECOMES DIFFICULT,
CALL A PHYSICIAN.
IN CASE OF CONTACT WITH EYES, FLUSH WITH COPIOUS AMOUNTS OF WATER

FOR AT LEAST 15 MINUTES. ASSURE ADEQUATE FLUSHING BY SEPARATING



_-

&-

THE EYELIDS WITH FINGERS CALL A PHYSICIAN
-------------------- PHYSICAL DATA --------------------

APPEARANCE AND ODOR
SOLID

------------ FIRE AND EXPLOSION HAZARD DATA -----------
EXTINGUISHING MEDIA

WATER SPRAY
CARBON DIOXIDE, DRY CHEMICAL POWDER OR APPROPRIATE FOAM

SPECIAL FIREFIGHTING PROCEDURES
WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING

TO
PREVENT CONTACT WITH SK~ AND EYES

------------------- REACTIVITY DATA -------------------
STABILITY

STABLE
HAZARDOUS POLYMERIZATION

WILL NOT OCCUR.
--------------- SPILL OR LEAK PROCEDURES --------------

STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED
WEAR RESPIRATOR CHEMICAL SAFETY GOGGLES, RUBBER BOOTS AND

___
HEAVY

RUBBER GLOVES
SWEEP UP, PLACE IN A BAG AND HOLD FOR WASTE DISPOSAL
AVOID RAISING DUST
VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS

COMPLETE
WASTE DISPOSAL METHOD

DISSOLVE OR MIX THE MATERIAL WITH A COMBUSTIBLE SOLVENT AND BURN
INA

CHEMICAL INCINERATOR EQUIPPED WITH AN AFTERBURNER AND SCRUBBER

OBSERVE ALL FEDERAL, STATE, AND LOCAL LAWS
--- PRECAUTIONS TO BE TAKEN IN WLING AND STORAGE ---

WEAR APPROPRIATE NIOSWMSHA-APPROVED RESPIRATOR
CHEMICAL-RESISTANT

GLOVES, SAFETY GOGGLES, OTHER PROTECTIVE CLOTHING
MECHANICAL EXHAUST REQUIRED
HARMFUL IF SWALLOWED
WEAR SUITABLE PROTECTIVE CLOTHING
TARGET ORGAN(S)
G I SYSTEM

___ THE ABOVE INFORMATION IS BELIEVED TO BE CORRECT BUT DOES NOT
PURPORT TO BE
ALL INCLUSIVE AND SHALL BE USED ONLY AS A GUIDE SIGMA ALDRICH SHALL



.-. NOT BE
HELD LIABLE FOR ANY DAMAGE RESULTING FROM HANDLING OR FROM
CONTACT WITH THE
ABOVE PRODUCT SEE REVERSE SIDE OF INVOICE OR PACKING SLIP FOR
ADDITIONAL
TERMS AND CONDITIONS OF SALE



I&hydroergotaminetarzrau EPCRS in place of the substance
being examined.

~
storage Dfiydroergoramine Tartrate should be kept in a

.----en-closed container and protected from light.

}
~tion and use Used in treatment of migraine.

/ Dihydrotachysterol

Me

LJ-1
\.H

“ Me
H

HO’”

c~*H4~o 398.7 67-96-9
,.

Definition Dihydrotachysterol is (5Z,7@-(3S,l 0S)-9, 10-
: ___ secoergosta-5,7 ,22-trien-3-ol.

-_

Characteristics Colorless crystals or a white, crystalline
powdeq odourless or almost odourless.

Practically insoluble in warefi very soluble in chloroform;
&ely soluble in ether soluble in erhanol (96%); sparinglY
soluble in arachis oil.

Identification A, The light absotptwn, Appendix 11B, in
the range 230 to 350 nm of a 0.001 O/. WIV solution in
methanolexhibits three maxima, at 242, 251 and 261 nm.
The absorbance at the maxima are 0.87, about 1.0 and
about 0.65 respectively.
B. To 5 mg add 2 m] of an~imony bichloride solu~ionand
warm in a water IXith, A red colour is produced.

MeltingPoht 126°m 129°,Appendixv A. lt mw also
occurin a fo~ melting at about 113°.

Specific optical rotation In a freshly prepared 20/. wdv
solution in absolute ethanol, + 100° to + 103°, calculated
with reference to the dried substance, Appendix V F.

TaChYsteroI Absorbance of a 0.01 V. WIV solution in

methanol at ~80 nrn, not more than 0.08, calculated with
reference to the dried substance, Appendix II B.

bss on d@ngmendried over phosphoruspentoxide at
a pressme not exceeding 0.7 kpa for 24hours, loses not

more fian (J.~O/~of its weight. Use 1 g.

Stiphated ash Not more fian O.10/., Appendix IX A.

Storage Dihydrotachystero] should be kept in an
atsnosphere of nlmogen,protectedfrom light and srored
at a temPeramre not exceeding 15°.

Action and use used in trea~ent of hypocalcaemia.

Dill Oil

De6nition DillOil is obtained by distillation horn the
dried ripe i%zitsof Anethum graveolens L.

Characteristics A clear, colorless or pale yellow liquid,
visibly free from wa~e~ odour, characteristic of the

crushed tilt.

Optical rotation +70° to +80°, Appendix V F.

Refractive index 1.481 to 1.492, Appendix V E.

Solubfity in ethanol Soluble, at 20”, in 1 volume or
more of ethanol (90%) and in 10 volumes or more of
ethanol (’80%), Appendix X M.

Weight per ml 0.895 to 0.910 g, Appendix V G.

Content of carvone 43.0 to 63.0% WIW,Appendix XL.

Storage Dill Oil should be kept in a well-filled, well-

closed container, protected from light and stored at a
temperature not exceeding 25°. It darkens in colour on

storage.

Action and use Carminative.

Me

C14H~~C12N04 328.2 3736-81-0

Definition DiloxanideFuroateis4-(ll-methyl-2,2-
dichloroace~amido)phenyl2-&oate. lt containsnot less
than98.0°/0andnotmorethan102.OO/.of
C14Hl,C1ZN04,calculatedwithreferenceto thedried
substance.
CharacteristicsA whiteor almosr white, crys~alline
powder; odourless or almost odouriess.

Very slightly soluble in wa~~ freely soluble in chloro-
-form;slightly soluble in ethanol (’96%) and in ether.

Identification A. The infraredabsorp~ionspectrum,
Appendix IIA, is concordan[ with the referencespecnwn of
diloxanide furoate.
B. The light absorption, Appendix IIB, in the range 240 to
350 sun of a 0.001 40/. WIVsolution in ethanol (96%)
exhibits a maximum only at 258 nm. The absorbanceat
the maximum is about 0.98.
C. Bum 20 mg by the method for oxygen-flask combustion,
Appendix VIII C, using 10 ml of 1M sodium hydroxi& as
the absorbing liquid. When the process is comple~e,
acidifi the liquid with nitrk acid and add silver nitrate
solution. A whke precipitate is produced.

Melting point 114° to 116°, Appendix V A.

Free acidity Shake 3 g with 50 ml of wazer, filter and
wash the residue with three 20-ml quantities of wazer.
Titrate the combined filtrate and washings with 0.1 M
sodium hydroxide VS using phenolphthalein solution R 1 as
indicator. Not more than 1.3 ml is required.

~; .

!’
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RelatedsubstancesCarryourtie methodfor zlzin-layer
chromatography, Appendix 111A, using silica gel HF254 as



. .
the coating substance and a mixture of 96 volumes of
dichloromethaneand 4 vohrnes of tnecharrolas the mobile
phase. Apply separately to the plate 5 @ of each of two
solutions of the substance being examined in chloroform
containing (1) 10.OO/Ow/v and (2) 0,&?5°/0 wh. After

removal of the plate, allow it to dry in air and examine
under ultram”o[e~light (254 nm). Any secondmy spot in the
chromacogram obtained with solution (1) is not more
intense than the spot in the chromatogram obtained with
solution (2).

Loss on drying When dried to constant weight at 105°,
loses nor more than ().s~. of its weight. Use 1 g.

!3dphated ash Not more than 0.17., Appendix IX A.

Assay Dissolve 0.3 gin 50 ml of anhydrous ~“dine and
carry out Method II for non-aqueous titration,Appendix
VIII A, using O.lMtetrabutyiammoniumhydroxide VS as
rimant and determining the end point potenriomerncally.
Each ml of O.lMtetrabwylarnmoniumhydroxide VS is
equivalent to 32.82 mg ofC14H11 C12N04.

Storage Diloxanide Furoate should be protected from
light.

Preparation
Diloxanide Tablets

Action and use Antiprotozoal.

Dimenhydrinate *

H, ,0CH2CFi#JMe2

m’
Me

c~7H~~No,c7H7cIN402470.0 523-87-5

Definition Dimenhydrinatecontainsnot lessthansq.()~.
andnotmorethan55.5°/0of diphenhydrarnine
(2-benzhydryloxyethyldirnethylamine,CITH21NO;255.4)
andnot Iess than L&i. @’/o and nor more than 46.5°/0 of
8-chlorotheophylline (8-chloro- 1,3-dimerhylpurine-
2,6(3H, 111)-dione, C7H7C1N402; 214.6), both calculated
with reference to the dried substance.

Characteristics Colorless crystals or a white, crystalline
powder.

Slightly soluble in waw &eely soluble in chloroform and
in ethanol (96 Yo); sparingly soluble in ether.

Identification Tes~C may be omitted $cests A, B and D
are carried out. Tests A, B and D may be omittzd tf res~C is
camid out.
A. Meking point, 102° to 106°, Appendix V A, Method I.
B. Dissolve 0.1 gin a mixture of 3 ml of water and 3 ml of
ethanol (96Yo), add 6 ml of water and 1 ml of 2M hydro-
chloric ad and cool in ice for 30 minures, scratching the
side of the tube with a glass rod, if necessary, to initiate
crystallisarion. Dissolve about 10 mg of the precipitate in
1 ml of hydrochZoni mid, add 0.1 g of pocassiurn chZorace
and evaporate to chyness in a porcelain dish. A reddish
residue remains, which becomes violet-red when exposed
to ammonia vapour.

C. The infraredabsmpion spectrum, Appendix II A, is
concordant with the spec- of dimenhydn”naze EFCRS.

D. Dissolve 0.2 gin 10 ml of ethanol (96%),add 10 ml of
picrk acid sokiors and initiate crystallisation by scratching
the side of the tube with a glass rod. The melting point of
the precipitate, afier washing with water and drying at
100° to 105°, is 130° to 134°, Appendix V A, Method I.

Alkalinity To 0.4 g add 20 ml of carbon dioxziie--ee water,
shake for 2 minutes and filter. The pH of the filtrate is 7.1
to 7.6, Appendix V L.

Clarity and colour of solution A S.oozo WIV solution in
ethanol (96 Yo) is cckar, Appendix IV A, and colorless,
Appendix IV B, Method II.

Heavy metaIs .410VOWJVsoluaon in a mixture of 85
volumes of acewne and 15 volumes of water complies with
limit resr B for heavy mecak, Appendix VII. Prepare the
standard using a lead sKandard sohuion (2 ppm Pb)
obtained by diluting lead standard solution (100 ppm Pb)
with the acetonfiwater mixture (20 ppm).

Theophylline and substances related to diphen-
hydramine Carryout the method for rhin-layer chromato-
graphy, Appendix III A, using silica gel GF254 as the
coating subsmnce and a mixture of 90 volumes of dichloro-
methane, 9 volumes of methanol and 1 volume of 13. 5M

ammonia as the mobile phase. .4pply separately to the
plate 5 @ of each of three solutions in dichknvmethane
containing (1) 4.0°/0 wiv of the substance being examined,
(2) 0.020% WAJof the substance being examined and (3)
0.0200/. WIVof theophyZZine. After removal of the plate, dry
it in a current of cold air and examine under ukraviolec
light (’254 nm). Any spot corresponding to theophylline in
the chromatogram obtained with solution (1) is not more
intense than the spot in the chromatogram obrained with
solution (3). Spray the plate with potassium iodobismuthate
solun”on, allow it to dry in air and spray with hydrogen
pervxide sokwn (10 vo~. Any sec0rut2zy spot in the chroma-
togram obtained with solution (1) is not more intense
than the spot in the chromatogram obtained with solution
(2). Disregard any spor extending from the line of
application to an Rfvalue of about 0.1.

Loss on drying When dried to constant weight over
phosphoms penroxde ar a pressure of 1.5 ro 2.5 kPa, loses
not more than ().sO/o of its weight. Use 1 g.

Sulphated ash Not more than 0.2%, Appendix IX A,
Method II. Use 1 g.

Assay For dipbnhydramine Dissolve 0.2 gin 60 ml of
anhydraus ~eric acsii and carry out Method I for non-
aqueous tirratwn, Appendix VIII A, determining the end
poinr porentiometrically. Each ml of O.lM perchlonc acid
KS is equivalent to 25.54 mg of C ,7H21N0.
For 8-chLorotheophyUine To 0.8 g add 50 ml of water,
3 ml of 6M ammonia and 0.6 g of ammonium nitrate and
heat on a water bath for 5 minutes. Add 25 ml of O.lM
silver nitrate VS and continue heating on a water bath for
15 minutes with flequent swirling. Cool, add 25 ml of 2.w
nitric acid, dilute to 250 ml with water, filter and discard
the $rst 25 ml of the filtrate. Titrate 100 ml of the filrrare
with O.lM ammonium thiocyanare VS using 5 ml of
ammonium iron{uz) sulphare solun”onR2 as indicaror unrd
the colour changes ro yellowish brown. Each ml of 0,1 ~
silver nitrate VS is equivalent to 21.46 mg of
C7H7CIN402.

Preparations
Dimenhydrinate Injection
Dimenhydrinate Tablets

Action and use Anriemeric.
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DLiodoh droxyquinoline (B.P. ]973). Iorb
!! ““quinol (U. .P.J Dmxfohydroxyquin; Diiodohyd-

roxvauinolinttrn. Diodoxysminol~ine. 5,7-Di-iotfG. .
quifidlin-8-ol.
C9H512NO==397.0.

CAS — 83-73-8.
Pharmacopoeias. lnChirr., Fr., !rsd., Int., It., and Ull.

A light yellowish to tan-caloured, tasteless,
microcrystalline powder, not readily wetted in
water, odourlcsa or with a slight odour.
Practically insoluble in water sparin ly soluble in

falcohol, acetone, and ether. Protect rom light.

Adverse Effects. As for Clioquinol, p.975.
Effects occasionally occurring include abdominal
discomfo~ diarrhoca, skin rash, acne, headache,
pntritus ani, and furunculoais. Slight enlargement
of the thyroid gland often occurs during treat-
ment.
Nemrhsgicaldisoder~ Reports of visual diaturbanccs in
children given di-iodohydroxyquinoline.— J. E.
Erheridge and G. T. StewarC (letter), Lancer, 1966, 1,
261; F. E. Pittman and M. Weatphal (letter), Lsncer,
1973,2. 566;M. M. Behmna(letter), J. Am. med. Ass..
1974, 228.693.

Precmstioas Aa for Clioquinol, p.975.
Control of acmdemsatitia enteropathica by sti-iodohyd-
roxyquinotinc was lost in a patient when she started
taking an oral contcaeqtive.— M. J. Jackson, J. clin.
Pcrlh., 1977, 30, 284.

Abaorptiots mtd FnteDLiodohydroxyquinoline is
partly and irregularly absorbed from the small
intestine.
Fotlowinga 300-mg dose of di-iedohydroxyquinoline, 6
healthy men excreted a reran of 4.6% of the dose in the
urine as gtucumnide during the following 10 houra.— L.
Berggren and O. Hartason, C/in. Pharmac Ther.. 1%8,
9, 67.

Uses.Di-iodohydroxyquinoline acts principally in
the bowel lumen and is used alone or with met-
ronidazole in the treatment of intestinal amoe-
biasis, chiefly for cyst-passers. It has been used
to supplement emetine or with chloroquine and
tetracycline in amoebic dysentery. It has also
been used in balantidiasis and giardiasis and has
been used Iccally against Trichomorras vagindis.
Di-iodohydroxyquinoline has been used in the
treatment of acrodermatitis crtteropathica; it is
reported to act by altering zinc absorption.
The usual dosage in the treatment of amoebiasis
is 600 mg thrice daily for 20 days for children
the usual dose is 10 mg per kg body-weight
thrice daily. 1t can be employed in ambulatory
patients and asymptomatic carriers.
Meat of 55 patients with ocreiform atrophy and supcr-
imposuf dcrmati~is of the anterior surface of the lower
leg res~ndcd well to an ointment containing di-iodohYd-
roxyqumoline 3% and aalicyhc acid 2% in Emulsifymg
Ointment.— A. R. H. B. Verhagen and J. W. Koten,
Br. J. Kkrm., 1968, 80, 682.
Dkiwfohydroxyquinolinc should not be used for the
treatment of non-specific diarrhoea or other self-limiting
conditions.— Med. Mr., 1974, /6, 71.

Acmderncutifi~ A 5-month-old girl with acrodermatitis
enteropathica obtained remission from diacrhoea and
dermatitis when trcawd with di-icdohydroxyquinoiine
200 mg thrice daily. She reiapacd and was then given a
diet of frcsb whole human milk: treatment with di-iodc-
hydroxyquinoline was continu@ in the same dosage. On
this regimen a complete remisalon was obtained enablin8
the chdd to be weaned to a normal diet and treatment
with di-iodohydroxyquinoline to & discmsrtinucd.— R.
R. Sclrulzc and R. K. W]nkclmann, Mayo C/in. Pros.,
1966, 41, 334.
In acrcdermatitis entc.ropathica di.iodohydroxyquinoiine
acted by increasing the gastro-intestinal absorption aa
well as the retention of zinc.— M. J.lackson, ~. clin.
Path., 1977, 30.284. See also P. J. Aggett et al., Archs
L?is. Childh., 1978, 53, 691.

Aqwrgjllosis. Of 13 patients with clinical pu)monary
aspergdlcais all had specific precipitins in their scra and
moat had Aspergi//u$ Junriga!us in their sputum. After
treatment for 20 days with di-iodohydroxyquinoline 1.5
to 1.8 g daily precipitin tests became negative in 12 and

the sputum was cleared in all thswe previously affected.
Some patients experienced clinical benefit.— K. Hora-
field ef al., Thorax, 1977, 32, 250, per Ab$rr. Hyg.,
1977, 52, 1131.

Preparadsma
Di-isrdohydrnxyqulrmfkwPeaaxrtes (B.P.C. 1973). Each
PCSZI’Y mrrtams di-indobydroxyquinolisse 100 mg, boric
acid 65 mg, phosphoric acid 17 mg, lactose 180m8. and
anh ydrous dextrose 300 mg prepared by moist granula-
tion and compression. Tbty should & moistened with
water kcfore insertion into the vagina. Protect from
light. A.P.F. has a similar formula.

DLiudnbydroxyquboline Tablass (B.P. 1973). Di-iod@
hydroxyquin.Tab. Tablets containing di-iodohydroxyqui-
noline.. Protect from light.
Msrquiwl Tabfets (fJ.S.P.). Tablets containing di-iode
hydroxyquinolinc.

Propriety Preparations
Diodoqtsh(Searle, CX). Dkiodohydroxyquinoline. avai-
lable as tablets of 650 mg. (Also available as Diodcquin
in many other countries).
Easbequin (May & Baker, UK), (Available only in
certain countries.) Diiodohydroxyquinoline, available as
tablets of 300 mg.

Other Proprietary Nasnea
Dioxiquin (Spczirr); Dkexiode (Asrstraf,, Belg., Fr.,
Swirz.); Dri~uilen (Arg.~ Fforaqrsin (Arg., Arssrral.,
Be/ .~ Moehsquin (USA~ Scarlequin (Arg.); Yodoxin
(lJ!A).

A pre ration containing di-iodohydroxyquinoline was
rformer y marketed in Great Britain under the proprie-

tary name Floraquin (Searle Pharmaceuticals).

t
I

4778-b

Diloxasride (B.P.C. 1%3). Diloxan; RD 3803. 2,2-Dich-
loro-4’-hydraxy-AGnethylaceta niiide.
~H9Cl,N02-234.1 .

CAS — 579-384.

AI white or almost white. odourleaa, taateleas, crystalline

~1, 1 in 35 of chloroform, and I in 66 of ether. Protect
waler. Siightfy wlu6k in watec soluble 1 in .S of al-

from tight.

The actions and uaeaof diloxanidearc dcacribed under
Diloxanide Furoatc (below). It has been given in doses
of 1.5 g daily in divided doaea.

Diloxanide was formerly marketed in ecrtain countries
under the proprietary name Entamide (Boots).

4779-V

DNoxanide Furoate (B.P.). 4-( N-Methyl-
2,2-dichloroacctamido) phenyl 2-furoate.

‘;;?

Ci4H1,CllN04=328 .2.

CAS — 3736-8! -0. ~,$’
Pharmacopoeias. In Br. .;

A white or almost white, odourless, tas:eiess,
i

:: j
crystalline powder. M.p. 114° to 116“.
Very slightly soluble in water soluble 1 in 100 of

:.~,

alcohol, 1 in 2.5 of chloroform, and 1 in 130 of
ether. Protect from light.

if
,

Adverse Effects. Ffatulettcc, vomiting, pruritus, ;,
and urticma may occasionally occur. Transient
albuminuria has been reported.

Absorption and Fate. Diloxanide is readily /
absorbed from the gastro-intestinal tract and ~ ‘z

T

)e~?i”in the iaeces and urine. Dtloxanide furo- ,
ate is hydrolyses before absorption.
Uses. Diloxanide acts principally in the bowel
lumen and is used in the treatment of intestinal

,,

amocblasis. It is less effective in amoebic dysen-
tery than in asymptomatic infection, but the ,T
furoate givea higher intestinal concentrations and
is possibly more effective than metronidazole in
the treatment of cyst-passers.
Diloxanidc furoate is used in conjunction with
chlomquine and tetracycline in amoebic dysen-

,

tery and is used in the treatment of hepatic
amocbiasis in conjunction with chloroquine and

,:

i
,,

.AJ
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dehydroemetine or emetine.
Diloxanide furoate is administered in a dosage of

chil
d&doses, for 10 d-. The course Of treat-
ment may be repeated if necessary.
Diloxanide furoate is also used concomitantly
with metronidazolc.
Assaoebiuais. Diloxanidc furoate 375 mg, tetracycline
hydrmhloride 250 mg. and chloroquirte phosphate
100 mg, 4 times daily for 5 day% were given in ca~
to 50 of 100 patim~ with dysentery due to ErIfuncoe6a
/rislo/yfica and sometimesother parasitesalso. The
other 50 received the same regimen without chloroquine.
Children younger than 10 years received half this adult
dose. The overall cure-rate for E. Isisfo(ytica was 83%,
and the efficacy of the preparations was not signifi-
cantly different. Other protozoa and heiminths were
apparently not affected.—-o. Trans. R. SOC.
mop. Med. Hyg.. 1967, 61, 769, pcr Abstr. WId Med.,
1968, 42.497.
Diloxanide furome 375 mg, tetracycline hydrochloride
250 mg, and chloroquine phosphate 100 mg, given 4
times daily for 5 daya to 50 Costa Rican schoolboys,
eliminated multirde intestinal rxotozoal infections within
2 days of completing the murk.%The recurrence-rateof
Giardisr irrtestinolis was 25% within 30 days, but
&ntamoeba JrisfoJytica did not recur for 90 days.—

+-~ .A4JSchapiro. ArrI. J. trap. Med. Hyg.. 1967, 16. 04,
per Trop. Dis, Bull., 1966.65, 766. A similar report.—
E. Nnochiri, J. mop, Med. Hyg., 1967, 70, 224, per

~. Brd!., 1966, 65, 129.

Diloxanide furome administered in a dose of 500 mg
thrice daily for 10 days was effective in the treatment of
12 patients who were symptomatic cyst carriers and 52
of 65 patients with nondysentcric symptomatic intcati-
nal amozbiasi$. Flatuknce was the only significant
side-effect.— M. S. Wolfg, J. ,4m. mrd ,4ss., 1973, 224,
1601.
Diloxanide furoate was considered to be more effective
than metronidazok in the treatment of nondysenteric
intestinal amoebiasis, and to be the drug of choice for
this form of the diacnae.— R.Knight ●t al., Gut. 1973,
14, 145,
Diloxanide furoate 500 mg given with metronidazole
400 m thrice daily for 5 days cleared amoebic cysts

\from t e intestine in 59 of 60 paticn~ treated and was
considered to have cured liver abwmsaes in 58 of them.
No rclapcz were noted during 3 months following treat-
merrt.-~ll et al., Arm. tmf.Med. Pmxrit.,
1973, 6 , 367, per Trop. Dis. Bull., 194, 71.44.
The standard regimen for the treatment of amochiasis in
American Indians in Saskatchewan was metronidazok
500 mg and diloxanide frtroate 500 mg twice daily for 5
days.— R. D. P. Eaton ●t al., Can. J. ubl. Hlth, 1973,

f64, Suppl., 47. per Trop. Dis. Bull.. 194, 71, 360.
Of 38 Peace Corps workers with amoebiaais in Ethiopia
36 were conaidcred free of infection I to 2 months after
trcslmcnt whh metroni&zole 750 mg thrice daily for 10
daya followed by diloxmide furoate 500 mg thrim daily
for 10 days.— J. L. Ey, Efhiop. med. /.. 1977, 15, 101,
per Trop. Dis. Bull., 1979, 76.80.
A report of the successful treatment of a patient with
Entamoeba polecki infection using metrorridazok and
diloxanide furoate.— ,J. S. Sa,~ et al., Ans. J. mop.
;~~l Hyg.. 1979, 28. 190, per Trop. Dis. Bull., i960,

,.

Preparations
Diloxmide Faroate TaMc@s (B.P.). Tablets cmrtiining
diloxanide furoate. Pro~om light.
Fummide (Boors, UK). Diloxsnide furoate. available as
tablets of S00 mg. (Alan available as Furamide in
AustraI).

medicine in the treatment of trypsnosomiaais and bsbc-
siaais. It has also been tried in human infections.

Babcsiosis. The routine clinical usc of pentamidine or
dltZIhSZCne aceturate in infections due to Babesia
microo wasnot recommended except in patients without
spleens, since normally tbe infection waa seif-limiting.—
L. H. Miller cr al.. Ann. imerrs Med.. 1978, 88, 200.
A patient infected with Babesia micro?i who had failed
to respond to chlorcquine had a rapid clinical and
parasitologic rcapanse after administration of dimi-
nszene. However the patient developed Guillain-Barr6
syndrome after treatment and it was suggested that pcn-
tamidine might be preferable to diminazene in severe
cases of human bsbcdasis.— T. K. Ruebush and A.
Spiehnan, Ann. intern. Med., 1978,88, 263.

Trypanosomiasis. Reference to use in human trypsnoao-
miasis.— M. P. Hutchinaon and H. J. C. Watson,
Trans. R. Sot. mop. Med. Hyg., 1962, 56. 227; S. E.
Temu, Trans. R. Sot. rrop. Med. Hyg., 1975, 69, 277;
East African Trypanosomiasis Research Organisation,
Traas, R. Sot. trop. Med. Hyg.. 1975, 69, 278.

Prop&&y Nmss
Berenil (veterinary) (Hoschst. UK~ Ganaseg.

4781-f

Eznetiaaeand Bismuth Iadde (B.P. 1973). !im.t.
Bism. Iod.; EBI.
CAS— 8001-15-8.
A complex iodide of emetimz and bismuth containing 25
to 30% of emetine and 18 to 22.5% of Bi. It ia s redd-
ish-orange odotirlcsa powder with a brttcr acrid taate.
Practical y iusolubk in water and alcohoti, soluble in
acetone and, with decomposition. in concentrated acids
and in alkaline solutio~. practically insoluble in but
slightly decomposed by dilute acids. Store in airtight
containers. Protca from light.
Adr~ Effects and Precautions. As for Emetine Hydro-
chiondc (bcIow).
When given by mouth cmctine and bismuth id!dc may
cause nausea, vomiting, and diarrhoca.

Absorptfasr M6 Fate. When given by mouth? emctine
and bismuth iodide undergoes little dccompowtion until
it reaches the small intestine, where cmetinc is liberated
and exerts a local and sptcmic effect.

Uses. Emctinc and bismuth iodide haa actions similar to
those of cmctine hydrochloride and has been used in the
treatment of asynrptomatic intestinal amocbiasis. When
given by mouth it is only slightly decomposed before
reaching the small intestine where the bulk of the cme-
tinc ia then released to give a high concentration in the
intestine. It has been used with tetracycline and a lumi-
nal smoebicide such as djloxanidc furoate in the treat-
ment of severe amoebic dysentery with much tissue
invasion.
The frequency with which it ivea rise to unpleasant

fside-effects makes it unsuitab c for routine therapy
patients should kc confined to ted.
Emetine and bismuth iochdc is usually adminiatcred in
cntcric-cmatcd tablets or cs~uics but such preparations
must d~integratc very rcaddy in the intcatine or they
are valueicay when in capsules, the drug should not be
suspended in an oily basis. The usual dme was 2C0 mg
daily for 12 consecutive days if tolerated by the patient.

Preparatiam
Ensethe and Bfsmuth Iodide Tablets (U’. 1973). Eme.t.
Bism. Icd. Tab. Tablets containing cmctine and bismuth
iodide. They are mteric-and sugar-coated. Store at a
temperature not excecdbg 25* in airtight mntsincrs.

4780-r

Diminazene Aceturate (B. Ve?.C. /965). 1,3-Bis(4-
amidinophenyl)triazenc bla(N-amrylglycinatc) tctra-
hydrate.
Cl, H~Ng0,,4HZO=587.6.

CAS — 536-714 (dimirrazene): 908-S4-3 (aceturate,
anhydrous).

A yellow odourless powder. Solubk 1 in 14 of watc~
slightly soluble in alcohol; very slightly soluble in chloro-
form and ether.

Uses. Diminazcne aceturate has trypanocidal, babc.sici-
dal, and bactericidal properties and is uacd in veterinary

4782-d

Emetine H drochloride (JYP.,U.S.P.). Emet.
iHydrochlor.; mctmi Hydrochloridum: Emetini

CMoridum; Emetine Dlhydrochloride; Ipecine
Hydrochloride, MethylcephaiSline Hydrochlorid~
Cloridrato de Emetina. 6’,7’,10,11-Tetra-
methoxyemetan dihydrochloride heptahydrate;
(2S,3R,I lbS)-3-Ethyl- 1,3,4,6,7,1Ib-hexahydro-
9,10-dimethoxy-2-[( IR)-1 ,2,3,4-tetrahydro-6,7-
dimethoxy- I-isoquinoIylmethyl]-2H-berrzo[a]-
quinolizine dihydrochlonde heptahydrate.
C2gHwN@d,2HCl,7 HzO=679.7,
CAS — 483- I 8-I (eme!ine): 316-42-7 (hydro-
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~!xyquinoline has also been given in the
i..
,tofbalantidiasis as an alternative to tetra-

p.610).

_.—

{.,
@roxyquinoline was formerly used in the

of acrodematitis enteropathica: it is re-
~73
~~,act by enhancing zinc absorption and has
.-em superseded by oral zinc therapy (see

*-

-~ydroxyquinoline has antibacterial and anti-
“&tivityand has been used topically in vari-

~,,’conditions, usually together with a
-~teroid (but see under Adverse Effects
;k also has some antitrichomonal activity.~, .,
~ Infections.As discussed on p.609 d,-indohy-
,titirce is one Of the drugs used in the treatment of

ancbl~is caused by Enl~nlo~ba hI@’tics and
&@giIis References m this use are given beIOW.
$& Drum for Parasmc infccltom Mrd tin Drugs

i: lti-22.

&tion*

6fprcpamtinns are listed below; derails are gwcn m Pan 3.

;~~?~blets.

~ Preparations
~M~equim Yndoxmt, Fn: Direxwdet; S.AJ’r: Floraquin;
mot; Yndoxin.

~iettt prepantions. Au.sm4.: Fforaquin: Cmrad:
lt:SAfi.: Vagasol: Vtocnrc Vindou Spare: floraquim

tone: ,.. !
P.:-

‘ ‘e-.,

Kanide Furoate (4T7w
-,~~roate (&fNM, rlNNM).

Lthyl.2,2-dichlomacetam~do)phenyl 2-furoale.

#N04 = 328.2.

~.J79-38-4 (diloxcmide); 3736-8 /-0 (diloxanide

$.”

iapeim.in Br. and Int
l,. ,.-
D& almost white, miourless, crystalline powder. Ve~

@, soluble in watec slightly soluble in atcohol and m
~~Iy soluble in chloroform. Prutect from hghL““%

.
f,:.:,..,.;,,

,.’.Pi.. .
.“=

- “~

5

;J
me Effects
ence is the most common adverse effect dur-

‘$eatment with diloxanide furoate. Vomiting,
‘~fis~” and urticaria may occasionally occur.

~o~lde ‘furoateis hydrolyses before absorption
~bthe gastro-intestinal tract. The resulting diloxa-
F@#a readily absorbed and excreted mainly in the
b, less than 10% of a dose appears in the faeces.
gsusw.:. .

U’& and Administration
~oxrmide furoate, a dichloroacetamide derivative,

h“? luminal amoebicide acllng principal! in the
bwel hrmen and is used in the Uea[menl of intesti-
~ Sntoebjasis. It is given alone in (he treatment of

~Ptomatic cyst-passers and in conjunction with
~ &toebicide [hat acts in [he tissues. such as mel-
mnidazole, in patients with invasive amoebiasis.
~xartide furoate h~$ also been used with metron-
&lzole in tie treatment of En/a,/loeba polecki infec-

don.

%tie~ discussion of the ~anagemen~ of amoe-

~ @f’Xtions,see p.609.

%:x~ide furoate is administered by mouth in a
~eof 500 mg rhree times daily for 10days; chil-
~ maybe given ZO rng per kg body-weight daily,
m“divid~ doses for 10 &yS. The course of treal-

~t UJaybe rep~ated if necess~.
&Parations
- ‘f PT,para!ions are hwd below: demih are gi, en m Pm 3

Q pmparati.m
*W~ DibwmideTable!,

Dimetridazole (11662.z)

Dlmetndazole (MN, plNN).

1,2-D]merhyl-5-mcrolmidazole.

C5H7N302 = 141.1.

CA5 — .5.SI-92-8.

Pharmacopoeias. In BPfVet).
G. mcksdes Dmretndazole for veterinary use only. Fr.includes
Dtmetndazole and Dtmerndazole Mesyla~e for veterinary use
only.

An afmost white m brownish-yellow, odourless or almost
cxlourless powder which darkens on exposure to fight. Slight-
ly anluble in watefi sparingly soluble in alcohol: freely solu-
ble m chloroform slighily soluhlc in ether. Protect from
iighL

Dimetridazole is a 5-nitroimidazole derivative sitrti-

Iar to mefronidazole. It is used in veterinary practice
for the prevention and treatment of blackhead (his-
tomoniasis) in turkeys and other poultry and of
swine dysentery, and for the prevention of hexami-
tiasis and trichomoniasis in game birds.

Diminazene Aceturate (47w.r)

Dlmmazene Aceturate (P.ANM,rlNNM).

1.3-&s(4-amldmopheny’l)tnazene bis(N-acerylglymnate).

C22H29N906 = 515.5.

CAS — 536-71-0 (dlminazene); 908-54.3 (diminazene
ocetu rote).

!+o~. D]minazene accrurate is often referredto by its veteri-
nary proprietaryname Berenil.

Diminazene aceturate, an aromatic diamidine deriv-
ative rela[ed to pentamidine, is an antiprotozoal
agent which has been used in veterinq’ medicine in
the treatment of trypanosomiasis and babesiosis. It
has also been tried in human infections.

References
1. Ruebush TK, Sp)eiman A. Human babcs!osi< m tbc United

Stales. Ann Inrcm Mtd 1978.88:263.
? Abam DE, rl al. Rctrospcctwc Iong-lcnn stwfy of effects of

Berenil h.! follow.up of palicnls uca!ed since 1965. Trop Mrd
Parasiml 19S4. 35: I 48-50

Residues in the diet An experr commitree nf the FAO/
WHO1 set a masimum acceptable daily intake of diminazene
al Iw Pg per kg body-weight. Recommended maximum res-
idue limits m food resulung from vcterinan+ ux were escab-
Iished for cattle at 500 pg per kg for muscle. 12 COOPg per kg
for liver. 600Q ~g per kg for kidney, and 150 pg per litre for
milk.
1. FAOI%’HO.Evahm]on nr cenain vcwrmary drug residues m

kwd fofil -=cond wOfl Oftbe jOm FAOIWHOtXFn COm-
mmeeonfood addtiuve~.WHO Tech Rrp Sfr 851 1995

Dinitolmide (12665a)

Dmtolmide (tMN, rlNN).

Dmrroroluamlde, Methyldutjtmbemamide. 3,5-Dm!trc-o-tol-

uamlde.

C@H7N30S = 225.2.

CA5 — 148-01-6.

Phormocoooeros. In BP(Vet).

A cream-coloured to light tan-coloured cdourless powder.
Practical} insoluble in water soluble in acetone; slightly
soluble in alcohol, in chloroform, and in ether.

Dinitolmide is an antiprotozoal agent used in veter-
inary practice for the prevention of coccidiosis in
pmzhrl

Eflornithine Hydrochloride [lb~i)

Eflornnhme Hydrochloride (BANM, U5AN, rlNNM).

DFMO; u-Difluoromethylornthlne Hydrochloride MDL

71782, MDL-7 1782A RMI-7 1782 2-(Ddluommethyi)-DL-or

mchme monohydrochlonde monohydrare

C6H,2F2N10>, HCI, H>0 = 236.6.

G45 — 67037 -37.0 (e fformthme); 96020-’? 1-6 (e f70rnt-

rhme hydrochloride).

Adverse Effects and Precautions
Reported adverse effects with eflomithine include
myelosuppression producing anaemia, Ieucopenia,
and Utrombocytopenia. Some patients have exper-
ienced hearing loss and alopecia. Gastro-intestinal
disturbances, especially distrrhoea, can be a problem
with oral administration. Seizures have occurred in
about 8% of patients given eflomithine but they may
have been related to the disease rather than treat-
ment.

Effectson hearing. A study in 58 patients 1receiving eflor-
nitfrine atone or in combination with interferon alfa for the
ueannent of metastatic melannma demonstrated that hearing
loss at multiple frequencies was related to the cumulative
dose of eflomithkte and was wnrse in patients with pre-exisl-
ing hearing defici~
1 Cm~han MK, c] al. Dose-related u-diffunromcthy lornithine

oco[oxicity. Am J C/in Onccd 1991; 14:331-5.

Effects on the heart Fatal cardiac arrest oecm-red in an
AIDS patient with Pneuntocysm carinii pneumonia during
the intravenous infusion of eflomitbine 100 mg p kg body-
weight nvcr I boar. 1 Sudden death after infusion of eflomi-

thure had occurred in severatother criricafly ill patients with
AIDS.

1, Barbarash RA, cl al. Alpha-difluoromethy inmth!ne infusion
and urrhac arrest. Ann Jnrern Med 1986:105: 14 I -2.

Pharmacokinetics
Eflomithine hydrochloride is absorbed from the gas-
tr&intestinal tract. Following intravenous adminis-
trationapproximately 80% is excreted unchanged in
the urine in 24 hours. The terrninaJ elimination half-
Iife is approximately 3 hours. It is distributed to the
CSF.

References.
1.HaegekKD.c1al. Ktnclics of a-dittuornmcthy lomttbinc an

mcvcrsibk inbibnor of omifhtnc dtcar~x!la~c C/in pha~a.
col Thrr 1981;3& 210-17.

2. Utlord F, e? al. Eflornitbinc concemrations m serum and cerc-
bmspinal fluid of 63 paoenls treated for Trypanosoma bmcci
pambiensc dcepmw sickness. Trans R -%c Tmp Med fi.vR 1993:
87:473-7.

Uses and Administration
Eflomithine hydrochloride is an antiprotozoal agent
which acts as an irreversible inhibitor of omithine
decarboxylase, the rate-limiting enzyme in
polyamine biosynthesis; trypanosomes are more
susceptible to the effects of eflomithine than humans
probably because of their slower rumover of this en-
zyme.

Eflomithine is used in African trypanosomiasis
(p.613) mainly due to Tryparccrsoma brucei garr~bi-
etrse and is effective in the early and more impor-
tantly in the late stage of the disease when there is
central involvement. Eflomithine also has activity
against Pneumocysris carirrii (see p.396) and there
are several repats of it being effective in patients
whose pneumonia due to this organism failed to re-
spond to standard treatment such as co-tnmoxazole
or pentamidine.

1!isadministered intravenously or by mouth, though
diarrhoea can be troublesome with the latter route.
The usual dose is 100 mg per kg body-weight every
6 hours by intravenous infusion for 14 days. Some
clinicians then give 300 m: per kg per day by mouth
for a further 3 to 4 weeks. Dosage should be reduced
in patients with impaired renal function.
Eflomithine has antineoplastic activity, and prelimi-
nary human studies have shown some encouraging
responses.

Ctyptosporidiosis. Effomithinehas been tried in the treat-
ment of cryptosporidiosis in AIDS patients. t Other agents
used in tbe treatment of crypmsporidiosis are discussed on
p.610.
I. Rolsmn KVI. et al Intes!mal cqpt~spor!diosls lrealed with cf -

Iomlthmc. a prospecuw study .tmon~ pat,ents w!th AIDS. J
Aqutr Immune Defic Svndr 1989, 2:426-30

Pneumocystis carinii pneumonia. The treatment of
Pmwmnq’stis ccrrini! prreumoma is described on p,396 where
reference is made to eflomlthine being studied as one of [he
alternative agenls to cwtrimoxazoie and pentamidine.

References.
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<1>

Unique Identifier
97321428

Authors
Qureshi H. Ali A. Baqai. R. Ahmed W.

Title
Efficacy of a combined diloxanide furoate-metronidazole
preparation in the treatment of amoebiasis and giardi.asis.

Source
Journal of International Medical Research. 25(3):167-70,
1997 May-Jun.

Abstract
.—_--— - A combined formulation of diloxanide furoate and

metronidazole was used to treat amoebiasis and giardiasis
(cysts and vegetative forms) in 54 patients. Of these 34
patients had amoebi.asis, 19 had giardiasis and one had
mixed meC.fimuEach patient took one tablet (containing

-di.loxani.de furoa@_ and 400~Zj’
~ ~times daily for 5 daxsz and the respo~Zi_lili~~s––

checked by cllnlcal examination and by examination of fresh

$

stools on days 3, 5 and 10. Abdominal pain was completely

h’

relieved in 91% and 84% of patients wlZh”1331m5Sls and——. _ ...___
g.iar~s-i.sq...~espe ctively, while ~ara-~~t~—c—~re=ra=e—=a~
100% in both grou~~~-””—’ ----Tolerance to the d.rug..~as. arkquate._..._ —..----

<2>

Unique Identifier
97281374

Authors
Bhopale KK. Pradhan KS. Masani KB. Kaul CL.

Title

Additive effect of diloxanidefuroate and metronidazole
(Entamizole) in experimental mouse caecal amoebiasis.

Source
Indian Journal of Experimental Biology. 33(1):73-4, 1995
Jan.
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Unique Identifier
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96319050

Authors
Sengupta M. Sengupta O.

Title ,
Correlation of biological activity (therapeutic and toxic)
with solvochromic properties of metroni.dazole, emetine
hydrochloride and diloxanide furoate.
Source
Indian Journal of Biochemistry & Biophysics. 32(5):302-7,
1995 Oct.

Abstract
Goat blood, when incubated for different periods with
diloxanide furoate, metronidazole and emetine
hydrochloride, underwent changes in fatty acid constituents
and their peroxidation products measured as malonaldehyde.
These findings, together with the changes noted in the
drug-lipid partition coefficient, are discussed in an
attempt to correlate the lipid constitution and biological
activity of the drugs.
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Abstract
Tinidazole (40 mg/kg body-weight in one daily dose for five
days) and tinidazole (same dose) plus diloxanide furoate

9

(2o mg/kg body-weiaht divid~ti three da~ly doses for 10
days ) were compared as treatments

&

r amoeblasis. The —
‘p=asitic cure rates were 44 and 9

q
espectively. We ~

~he~ ~~~end titia _—zole alone in this
dosage as a treatmenLf~>ol-&a_sive amoebiasis. ,
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Abstract
The second symptomatic case of Entamoeba polecki infection,
the first to respond to therapy, is reported. The patient
experienced intermittent episodes of abdominal cramps,
diarrhea, nausea, and malaise associated with large numbers
of E. polecki cysts in the stool. J!@lJAwi~
diloxanide fu~e a metronidazole, ~:-all sy~toms
and th onger-.present in the stool. “–
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Abstract
Treatment of malaria depends on the infecting Plasmodium
species. In Plasmodium falciparum malaria the treatment
also depends on whether chloroquine resistances occur and
whether the course is uncomplicated or complicated.
Uncomplicated cases are cared for with chloroquine and with
mefloquine or halofantrine when the patient comes from
areas with chloroquine resistances. Patients with
complicated Plasmodium falciparum malaria must get chinine
and doxycycline. A careful fluid balance is extremely
important in order to prevent noncardiac pulmonary edemas.
Luminal infections with pathogenic Entamoeba histolytica
are treated with diloxanide furoate, luminal infections
with non-pathogenic Entamoeba histolytica (= E. dispar) do
not have to be treated. If differentiation is not possible,
all asymptomatic cyst passers must get treatment. Patients
with invasive amebiasis (amebic colitis and amebic liver
abscess) have to be treated with metronidazole, followed by
diloxanide furoate. [References: 12]
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Therapy of entamebiasis.
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Abstract
Therapy of entamebiasis is critical in that, if untreated,
the disease can be fatal. Recently, a new method for
differentiating pathogenic and non-pathogenic amebae has
been standardized. This method relies upon the
electrophoretic analysis of 4 isoenzymes which allow the
identification of 20 different zymodemes. It is now widely
accepted that non-pathogenic strains of Entamoeba
histolytica are not a hazard for humans and therefore don’t
need therapy. As a consequence, treatment must be addressed
only toward infections caused by pathogenic strains. As
there are different drugs available for treating amebiasis,
from a therapeutical point of view the disease must be
divided into two forms: intestinal and extraintestinal. For
the former, drugs which reach therapeutical levels in the
gut are required. The mainstay for the treatment of
asymptomatic carriage of pathogenic strains is DILOXANIDE
FUROATE, a very well tolerated luminal amebicide.
METRONIDAZOLE and other 5-nitroimidazole compounds such as
ORNIDAZOLE are indicated for the treatment of symptomatic
intestinal infections as they reach good concentrations in
tissues, including the bowel where ulcerations develop. In
order to ensure the clearance of amebae from the gut, a
subsequent cycle with diloxanide furoate is advisable.
Extraintestinal forms include amebic abscesses which can
develop in many sites, but most commonly in the liver.
Metronidazole and related compounds are the drugs of
choice; in case of liver abscess, the addition of
CHLOROQUINE is indicated because of its good concentration
in tissues. ~ subsequent cycle with diloxanide furoate is.__—
also indicated. (ABSTRACT TRUN~AT-E!D’?iT”””--25-~--WOD-S)S)““----”--—’-
L.—-—--—--””-”-“-
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SUCCESSFUL TREATMENT OF SYMPTOMATIC

E,VTA .VOEBA POLECKI INFECTION*

/7 ~<$9$G J. S. SALAKI<J. L. SHIREY, mm G. T. STRICKLAND
‘ <+ G Department o} Medicine, .Vational .}-avol Medical Center and Uni)ormed Services

+ +!!&’ University o/ the Health Sciences, Bethesda, Maryland 20014
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@ 4?$$ .4 bsfrut. The second symptomatic case of Etrtumoebu polecki infection, the first to

\+~@
respond to [herapy, is reported. The patient experienced intermittent episodes of abdominal
cramps, diarrhea. nausea. and malaise associated with large numbers of E. Polecki cysts in

~+$y$’$ the stool. Following treatment with diloxanide furoate and rnetronidazole. all symptoms

.G??$$’$
cle~red and the parasite was no longer present in the stool.

Reprintedwithpermission
throughthecopyright

Clearance Center

Human infection with Etztumoebo polecki is

rare and the parasite has been confused micro-

scopically with Entumcrebu hiffoiyticu.’ It is

generaUy considered not to be a pathogen for
man. Herein, we report a case of prolonged
symptomatic E, polecki intestinal disease in a

patient in whom medical treatment for the organ-
ism resulted in the first clinical and laboratory
cure. This is the 20th human case reported, the

second in which the patient had been symptomatic.

C.4SE REPORT

D. McK.. a 24-year-old Peace Corps volunteer.
had been stationed in Upper Volta between July
1974 and June 1976, living in the back-country
in open huts into which local domestic animals
woulcl freely roam. Pertinent animal contact

occurred with pigs as well as with a pet monkey.
Before entering the Peace Corps. he bad no prior
history of gastrointestinal disease. However,
while in .\ frica, he experienced multiple episodes

of dysente~ diagnosed as both amebic and bacil-

~a~. JVith each episode he was treated with
appropriate therapy and obt~ined temporary

symptomatic improvement.
W’hen discharged from the Peace Corps in June

1976 he again experienced abdominal pain and

diarrhea and was successfully treated for hook-

.Accepted 1S Stptember 197S.

* The opinions or assertions contained herein are
the private ones of the authors and not to be con-
strued is ofiicial or reelecting the views oi the >-ai-y
Department or the naval service at large.

.4ddress reprint requests to: C.4PT. G. T. Strick-
land. MC, USX. Department oi \fedicine. Uniiormed
Ser\-ices L-niversity oi the Health Sciences, 4301 Jones
Bridge Ro3d, Bethesda, Maryl~nd ?CC114.

worm infection, Nevertheless, he continued to
have mucoid stools, diarrhea, nausea, headache

weakness, malaise, and abdominal cramps. Hi:
weight,which had been 155 Ibs in June 1974, was

134 Ibs 2 years later.
In September 1976 the patient was first seen

at the National Naval Medical Center for inves.

tigation of his continued gastrointestinal com-

plaints. At that time his physical examination
was unremarkable, other than mucoid stool on
rectal exam. .A stool specimen obsemed for para-

sites showed a heavy infection with Entwnoeb~

polecki and he had a 26% eosinophilia (Fig. 1),
The patient was begun on a course of metroni.

dazole, 750 w three times per day for 10 day<
and diiodohydroxyquin, 650 mg three times per
day for 20 days. Although subjective improve-

ment occurred and the parasite was absent frorr

the stool briefly, both E. potecki cysts and his
symptoms recurred (.Fig. 2 ‘I. Over the next IC

months the patient received numerous courses 01

treatment with anti-amebicides, with no sustainec
resolution of either symptoms or presence 01
the organism in his stool specimens. altbou~l
symptomatic improvement often coincided witt

reductions in numbers of cysts in the feces durim

therapy. Extensive Iaboratoq’ investig~tions seek
ing another cause of his diarrhea and or eosino

philia were normal or negative and are listed ir
Table 1. .M1 routine laboratory tests were normal
.$ total of 31 stool specimens were examined wit!

no other intestinal parasites obsemed. ScJtisto

soma hoewurtobiwv were not present in the urine

Repeated thick blood films did not show fil~riae

However, eosinophilia WM always present and

o[though it diminished after successful therap:

for the E. polecki. it persisted ( Figs. 1 ~nd 2 I.

In July 1977, the luminal agent. dilomnidl
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FIGURE1. Representative E. @kcki cysts. The karyosome is large in comparison with the nucleus and
chromatin is abundant in the nuclear membrane. Chromatoid bodies are numerous (long arrow) while inclusion
m- (short arrows) are seen in some wsts. Lawless and trichrome stain, x 960.

furoate (Furamide~), was used for the first time.

Foflowirtg a 1()-day course of metronidazole 750

mg three times per day, diloxanide furoate was
C+n for 10&YS, W)mgthree times daily. Upon

.2
letion of taking both agents, he noticed

,ective improvement in his condition with
resolution of abdominal cramps, more formed,
less mucoid stools and impro~,ed appetite. Al-

though he had a rare isolated stool negative for
parasites associated with treatment in the prior

IO months, he has subsequently had 12 consecu-
tiven~ative stool exams over the past 12 months

and o~y rarely has a loose stool fOilOWing ~

dietary indiscretion, e.g.. excessive beer consump-

t ion,

DISCVSS1OK

Entamoeba polecki was first described and

named by von Prowazek in 1912 when it was first

seen by him in pigs and later monkeys, cattle, and
sheep, and was named after Dr. Poleck, a Samoan
physician.z The life cycle includes botb tropho-

zoite and cyst stages, although trophozoites are

infrequently seen in the stool. .41most exclusively

described as a parasite of pigs and monkeys. it has

been found in human stools on rare occasions.’ 3-8

Transmission from certain domestic animals.

particularly pigs and monkeys, is the most likely

source of infection, but human-to-human spread

has also been suggested,’

Dkwlma.futaat. I
l*.C,C,,..

Mmrm,j, ,~,

bdll+ydr.,~q.,”

EOt,*h;l, ‘.126%. 47% 21% 26% 23% 21 \ 6% 6% 22,,

cam,
101,1 2340 38B5 2800 2797 2153 1598 492 504 1408

~ PO&i,

* Mod b-da- o 1. 2-4. D 4.2. 0 1.3. 3- 3+ a. 04-4. Do o 0000 00 0

~m 2. Course of illness showing symptoms, E. pokcki C>-sts in stools, eosinophil count. and treatment
Am patient remains as)mptomatic and parasite free through June 19?8.
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TMLX 1

Laboratory studies perjormed 10 ddcct a potential

cause o/ akwrhca and eosinophilia other than Ent-
amoeba polecki. .4~ had norrnaJ re~ults

..—

%rology”
.\mebic IH.4 ( X 4)
Schistmomal CFT and lF.4
Tri(hinef/a L.4slide test

Filarial BFT and IH.4

Procedures

Sigrnoidoscopy ( X 2)
Rectal biopsy (histological md press ex~rns)
Barium enema
Gall bladder series
Duodenoscopy and small intestinal biopsy
Diiodenal aspirate examination

Upper gastrointestinal series with small
bowel follow through

● lH.\,indirect hemaggluti nation test; CFT, complement-
fixation test, IF.!, indirmt fluorescent antitxdy test, LA,
latex agglutination BFT,bentonite flwcula!ion test.

Differentiation between cysts of 1?. histdyticu,
E, polecki, and E. coli can be difficult.”; There

are iive major points of distinction between .!?.
llistol-vtica and E. polrcki, the two ~mebae most

often confused. First. E. polecki has a single
nucleus with only about lYc of cysts reaching a
binuclea[e stage. E, histolytico is infrequently

uninucleate, and usually more mature cysts are

seen containing 2-4 nuclei. Tbe presence of only
i single nuclear forms in the stool should raise the

suspicion of E. polecki. Second, the nucleus in the

cyst oi E. po[ecki is usually one-fourth to one-
[hird the cyst’s diameter and contains a large
!zinosome with variations of the chromatin pot-
tern. In contrast, the E. histolytica nuc[eus is

larger. being one-third to one-half the cyst’s

diameter. with a sm~il k~ryosome wtd uniiorm

distribution oi peripheral nuclear chromatin.
Third. E. polecki cysts rarely have glycogen
vlcuoies which are commonly seen with E. his-

folyticu. However, an inclusion mass—a darkly

stained body 3-4 times the size of the nucleus—is

oiten found in the cytopl~sm of E polerki. It is

not found in E. hi5(olyfic~. Fourth, E. hi$tolytica

usually contains less than ten chroma. tin bars:
E, polecki may have as many as thirty. Finally.
E, bis;olyfir~ is readily tre~table: whereas, E.

polecki is \-irtually refractory to therapy,s E.
po~ecki is not invasi~-e beyond the intestine:
whereas, E hi~r~ly[ic~ is well known for extra-

intes[ind complicltiorm

‘_f%isis only the second recorded case o?
tomatic illness secondary to E. Polecki fSS~
infection. Levin and Armstrong reported’

year-old female Peace Corps volunteer

in India with documented infestation

months, the last 7 months away from the ‘~
sttrned contact area in India.l Our patient ~.
jisted in having uncontrolled symptomatic ~
polecki intestinal disease for 10 months afta

leaving .Africa until he was finalIy successf~y

treated. Furthermore, his diarrhea during ~e z
years in Africa could have been at least in ~R

due to E. polecki infection.
This infection has never previously been Sue.

cessftdly eradicated from a human host. Aftel

9 months of follow-up, with 12 negative stw;

examinations, we consider the patient’s infect.iot

to be cured. To our knowledge, this is the firsl

time that diloxanide furoate had been W(

specifically to treat E. Polecki infection. It ~
used as a Ittminal amebicide, and when combinec

with metronidazole is considered an ideal regimer

for acute amebic dysentery.g’0 Side effects art

virtually nonexistent with the exception of in

creased flatulence. It is ak.o useful to eliminat(

cyst carriers and as an adjunct to metronidazoh

in treating amebic liver abscesses.11 It is no

known whether diloxanide furoate alone is suf

ficient to cure E. polecki infections. .% combina

tion with metronidazole, as used to trea~ ou

patient, may be required.

We found no explanation for this patient’

persistent eosinophilia. Blood smears and sero

logical tests for both filariae and trichinosis wer

negative, as were repeated stool examinations fo

other intestinal parasites and a duodenal wpira[

looking for .Wongyloides stercoru~is. There W~

no clinical or laboratory evidence for a coll~ge

vascular disease, allergies or leukemia.
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Nondysenteric Intestinal Amebiasis
NOT!CE ------ Treatment With Diloxanide Furoate

=rH!sMAY~FNALMAY BE PROTECTED By
(20PYFIIGHTLAW (TITLE17, US. COIIE)

Diloxanide furoate, an investigational, amebicidal drug in the United

States, was given in a ten-day course of 500 mg three times a day. This

therapy led to parasitologic and symptomatic cure in all 12 asymptomatic

cyst carriers and in 52 of 65 patients with nondysenteric, symptomatic,
intestinal amebiasis who had all contracted Entamoeba hisfo/ytica
infections while abroad. Criteria for cure were the absence of E histo/ytica
parasites in three complete stool examinations, one and three months

following completion of treatment, and complete or marked symptomatic

improvement. Excessive flatulence was a common, but the only

significant side effect. The high effectiveness (83Y0 cure rate), relative

ease of administration, and minimal toxicity of diloxanide furoate

indicates that this drug has numerous advantages over other primarily

Iuminal-acting amebicides presently available in this country for the

treatment of chronic amebiasis.

M
ore than 90% of the indi\-id-

uals seen in our Tropical
Medicine Unit, who have

contracted amebiasis while traveling
or living abroad, had an asymptomatic
~ a nondysenteric chronic or suba-

~-.: form of infection. Similar find-
.S are also reported in returnees to

England and France.” It is much
more unusual in these countries to see
the fulminant dysenteric form of
amebiasis in travelers, with its typi-
cal presentation of frequent bloody
stools, fever, marked abdominal
cramps, tenesmus, and weight loss. .4
spectrum of symptoms is seen with
nondysenteric Entanweba hishiytica

infections, ranging from asympto-
matic and mildly symptomatic indi-
viduals with complaints of increased
number of soft stwls, intermittent
constipation, excessive distention and
flatulence, and increased fatigue to
more severely infected individuals
who do not have frank amebic dysen-
tery, but show evidence of some inva-
sion of the bowel wall as manifested
by very frequent watev to mushy

From the Tropical Medicine Unit, Offim of
MedicaI Services, Department of State, Wash-
ington, DC.

W in part &fore the 20th annual meeting
.~. e American Scdety of Tropical Medicine

‘Iygier.e, Boston, Dec 3, 1971.
-Trint quesw @ Offiw of Medical W=V&S,

kpartment of State, Washington, DC ‘20520
(Dr. Wolfe).

JAMA, June 18, 1973 ● VOI 224, No 12
.T.
....‘. *..

stools, lower abdominal cramps,
weight loss, anorexia and nausea, and
marked asthenia. The asymptomatic
and mildly symptomatic individuals
fit moat definitions of so-called
chronic amebiasis, while the more se-
verely affected individuals could he
said to have a subacute type of infec-
tion. The present report concerns 100
individuals exposed to amebiasis
while living or traveling outside the
United States and found, upon their
return to Washington, DC, to have
cysts larger than 10p, or trophozoit.es
fitting the definition for E histolytica.
These people were treated with di-
loxanide furoate (Furamide).

A number of anilides looked prom-
ising as amebicides and one of them,
dichloroacet -4- hydroxy - .V - methyl-
anilide, vias selected for further in-
vestigation. Ultimately, after exten-
sive laboratory and clinical investi-
gations, it was marketed in Britain
under the name of Entamide and re-
ceived the approved name diloxanide.
Further investigations were carried
out to find a derivative of diloxanide
which would give better results in
acute ~< well as in chronic amebia-
sis. Of the many derivatives examined,
the furoate ester not only gave bet-
ter results in acute amebic dysentery,
but in the asymptomatic condition as
well; it also was less toxic than diloxa-
nide itself. This compound was given
the name di]oxanide furoate. It is less

Martin S. Wolfe, MD

soluble than its earlier parent com-
pound and is more slowly absorbed
from the bowel and excreted from the
body, thus providing a higher concen-
tration in the bowel wall and lumen
for a longer period of time. Diloxa-
nide furoate has been used exten-
sively outside of the United States
for more than 15 years in the treat-
ment of amebiasis, but has not been
licensed in this country and is re-
stricted by federal law to investiga-
tional use, Early studies carried out in
various parts of the world with di-
loxamide furoate used by itself, both
in indigenous populations in highly
endemic amebiasis areas, and to a
lesser extent in returnees from ame-
biasis-endemic areas to England and
France, have claimed cure rates of
more than 90% in the chronic forms of
amebiasis and cure rates in the range
of 80% in the treatment of acute ame-
bic dysentery.’-’ However, diloxanide
furoate gave only a 40% cure rate and
was considered inadequate treatment
for acute amebic dysentery encoun-
tered in Durban, South Africa,’ Other
workers also consider diloxanide fu-
roate inferior to other better-ab-
sorbed drugs in acute amebic dysen-
tery where there is significant tissue
invasion. ”

The only previous studies of diloxa-
nide furoate in the United States
were by McHardy in 1960 who re-
ported a 90% cure rate in asymptO
matic amebiasis patients (Panel on
Diarrheal Disease, clinical meeting of
the American Medical Association,
Washington, DC); and Most (written
communication, March 1970), who
used diloxanide furoate both with and
without chloroquine phosphate and
had cure rates between 75% and 80%.
Neither of these investigators re-
ported significant toxicity.

With its reported high effec-
tiveness, relative ease of adminis-
tration, and minimal toxic effects, di-
loxanide furoate appeared to have
numerous adt’antages over other
primarily luminal-acting amebicides
presenciy available in the United

Diloxanide Furoate in Amebiasis-Wolfe 1601
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I Table l.-Resutts*

Curadt

Follow-Up
~

#r”&d
COmolete

symptomatic cases 12 12 100
Symptomatic case3 65 52 So

Total 77 64 83
Iwwnplete (eliminated)

Asymptomatic cases 6 . . . . . .
Symptomatic cases 17 . . . . . .

Total 23
Grand tobl Iw

‘One hundred cases treated with diloxanide furoate.
tBasad on three negative results from complete stool examinations at one and three months

after treatment (a total of six negative stools) and a complete or marked symptomatic im-
provement.

Table 2.— Pretreatment and Postreatment Symptoms*

Pretreatment Posttreatment

Symptom Cured (52) Failure@ (13) Cured (52) FailureH (13)
Anorexia 7 2 0 0
Nausea 6 2 0 0
Weight loss 10 1 0 0
Mushystools 40 a 11 4

Watery stools 1 1 0 0
Mucus 4 1 0 0
Intermittent

constipation 11 2 0 2
Abdominalcramps 12 3 3 0
Distention 16 5 1 2

Flatulence 31 8 5 4
J

Fatigue 17 5 3 1

At Iwst one

posttreatment

symptom 17 8

%ixty-fwe symptomatic cases with complete follow-uP. Twelve asYmPtomatk Cases not
included.

teased on the psrsietence of E )risto&tica parasites in posttreatment stool specimens.

States for the treatment of non-
dysenteric forms of amebiaais. A new
drug investigation application was
filed with the Food and Drug Admin-
istration for diloxanide furoate, and
the study to be described was carried
out from June 1970 thr,:,ugh Decem-
ber 1971.

Materials and Methods

The 100 individuals in the study in-
cluded 84 L’S foreign service employ-
ees or their dependents; all but five of
these were adults, a reflection of the
primarily adult population seen in the
Tropical Medicine unit of the Depart-
ment of State Office of Medical Ser-
vices. A further 16 adults were em-
ployees of the World Bank Group,
comprising various nationalities, who
reside in Washington, DC, but make
frequent short trips to countries in
the developing world. Eighteen pa-
tients were asymptomatic and the re-
maining 82 had mild to moderate
symptoms from their infection.

Criteria for inclusion in the study
included the finding of E histolytica

cysts or trophozoites or both in at
least one pretreatment stool exami-
nation; the absence of severe symp-
toms or proctoscopic findings compat-
ible with acute amebic dysentery; and
an expectation that the patient would
remain in Washington, DC, during
the three-month follow-up period.
However, the nature of the patients’
work required sudden travel to ame-
biasis endemic areas during ‘this
follow--up period in some cases. In-
formed consent for use of an investi-
gational drug was obtained from all
patients. Pretreatment and post-
treatment proctoscopic examinations
were not routinely carried out.

The criterion for parasitologic cure
was the absence of E histolytica para-
sites in three stool examinations car-
r+ed out one and three months fol]ow-

ing the completion of treatment, for a
total of six negative specimens. All
stool examinations were performed
by the parasitology laboratory of the
Department of State Office of Medi-
cal Services. Each examination con-
sisted of direct smears in saline and

1602 JAMA, June 18, 1973 ● Vol 224, No 12

, ....
.,” -

9
..~,

iodine, zinc sulfate, ”and””forA{”
hyde-ether concentration, and am”’~
b;c culture utilizing liver-choleste~~
broth. Dobell’s hemato~lin-staind”
slides were made from any specimen
containing suspicious parasites. [n
some cases, when patients had been
suddenly reassigned or were abroad
at the time of follow-up, specimens
were sent to our laboratory in
thimerosal-iodine-formaldehyde pre-
servative, and direct smear and con-
centration technique were performed
on these specimens.’ Complete or
marked symptomatic improvement
was also necessary to consider an in-
dividual to be cured.

All subjects were treated on an out-
patient basis. Adults were given a
course of 500 mg of diloxanide fu-
roate three times daily for ten days
and children were given 20 mglkg of
body weight daily in three divided
doses for ten days.

Pretreatment and immediate post-
treatment white blood cell count, he-
matocrit reading, and urine albumin
and sediment examinations were per-
formed by the clinical laboratory of
the Department of State Office of
Medical Services. Following the com-
pletion of the treatment course, pa-
tients were questioned as to the
occurrence of side effects and
improvement in symptoms.

Results

Twenty-three patients did not have
satisfactory results of posttreatment
follow-up stool examinations and
were eliminated from the study. Six
of these were asymptomatic and the
other 17 were symptomatic.

All 12 of the asymptomatic patients
who had complete follow-up had six
negative results for stool examina-
tions and were considered parasito-
Iogically cured.

Sixty-five symptomatic patients
had complete follow-up and 52 of
these were considered parasitolog-
ically cured and symptomatically im-
proved, a cure rate of 80’% in this
group (Table 1), Of the 13 parasito-
logic failures, five had complete

symptomatic improvement, while at
least one pretreatment symptom per-

sisted in the remaining eight. Nine of
the 13 treatment failures were mani-
fested at the one-month follow-up ex-
amination and two of those found

Diloxanide Furoate in Ameblasis–Wolfe



positive at the three-month follow-up
examination had traveled to amebia-
+endemic areas between the one-

~~ d three-month follow-up examina-
ms. Six patients with treatment

lailure were given a second course of
diloxanide furoate and three were
cured, but E histolytica infection per-
sisted in the other three. These sec-
ond courses of diloxanide furoate are
not included in determining cure
rates.

The total cure rate obtained in the
77 patients (12 asymptomatic and 65
symptomatic) with satisfactory fol-
low-up findings was 83% (Table 1).

In the successfully treated sympt~
matic group, all those with symptoms
of anorexia, nausea, constipation, and
weight loss, were free from these
symptoms following treatment. Elev-
en indik-iduals with soft stools before
treatment continued to have soft
stools during follow-up. Five of the 31
individuals who had had excessive
flatulence still had this complaint
after treatment, but only one of 16
individuals who had complained of
distention continued to have this dis-
turbance. Fatigue pemisted in only
“‘ ree of 17 people who had had this

~%plaint (Table 2).
i’wenty-six patients who had com-

plete follow-up had coincidental En-
tawweba hart munni infections before
treatment, and in only two of them
was this parasite present in post-
treatment specimens.

A universal side effect was exces-
sive flatulence, and 87% of those ques-
tioned as to occurrence of side effects
complained of this. The only other
significant side effects occurred in
five patients who complained of nau-
sea, three of anorexia, two of
diarrhea, and two of mild abdominal
cramps while taking the drug, but all
completed the full course of treat-
ment without incident (Table 3). No
significant abnormalities were found
between pretreatment and post-
treatment blood cell counts and
urinalyses.

Comment

The results of this investigation,
the elimination of cysts from all 12
=Yrnptomatic patients, and an over-

z ~cure rate of 83% in the 77 diloxa-_-
e furoate-treated patienti with

u(tequati follow-up, are similar to
thase of the two previous studies of

‘:.$MA, June 18, 1973 ● Vol 224, NO 12
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I Table 3.—Side Effects* I

t
Recorded %

Flatulence 7a 87.4 Im
●One hundred patients treated with diloxa-

nide furmte, Nine~ were followed up and
recorded and ten were in a group w!th no
or an Incomplete follow-up.

this drug in the United States by
McHardy and Most (written commu-
nication, March 1970). The results are
also considered comparable to those
obtained in other investigations of di-
loxanide furoate in nonendemic ame-
biasis areas. In one of the earlv
studies of diloxanide furoate at th~
Hospital for Tropical Diseases in Lon-
don, a 95.5% cure rate was obtained in
35 patients with chronic amebiasis
when given a standard ten-day course
of diloxanide furoate. However. in
that studv the mean number of “fol-
low-up W&l examinations was only
1.5*; and it is quite likely that if six
follow-up examinations over a three-
month period had been carried out as
in the ~resent studv. the cure rate.,.
would have dropped somewhat. In an-
other study, Felix et al’ treated 54
young adults with chronic amebiasis,
who had returned to France after
haying spent a period in Algeria, with
a standard course of diloxanide fu-
roate. Cure was claimed for all but
two of these patients, but follow-up,
for the most part, was accomplished
for only a fortnight after the end of
treatment.’ Other reported trials
showing a high cure rate with diloxa-
nide furoate were carried out mimar-
ily on residents in highly endemic
amebiasis areas,’ and are not thought
to be comparable to the present trial
that was carried out in nonendemic
areas where the disease manifesta-
tions differ and the risk of reinfection
during follow-up is minimal.

The good result with only minor at-
tendant side effects obtained in this
study with a ten-day course of diloxa-
nide”furoate compa~es favorably with
and in many respects is superior to
other amebicides used in the United
States and elsewhere in the treat-
ment of nondysenteric amebiasis. In
England, orally given emetine-bis-
muth-iodide is suggested as the stan-
dard of reference against other
amebicides in drug trials,’ but this

drug is not available in the United
States and frequent troublesome side
effects can occur with its use. Tet-
racycline, particularly oxyetetracy-
cline (Terramycin), and tetracycline
hydrochloride, usually given in z. dose
of 1 or 2 gm daily for ten days, are
highly effective in acute amebic dys-
entery, but relapse rates are high.’
However, when this course is com-
bined with or followed by a 21-daj-
course of 650 mg of diiodohydroxy -
quin (Diodoquin) three times a day
(often this course is combined or fol-
lowed with a four-week course of
chloroquine phosphate to prevent
later development of Ii\’er abscess),
cure rates as high as 95% without re-
lapse have been obtained in acute
amebic dysentery.’ There are no val-
id reports on the effectiveness of
this combined regimen in the more
chronic forms of amebiasis, but cure
rates of 80% to 90% should be obtain-
able. However, this regimen has nu-
merous drawbacks, including (1) a
prolonged course of treatment, (2) the
not infrequent occurrence of di-
arrhea, (3) the potential risk of bacte-
rial and monilial overgrowth, (4)
teeth discoloration in children due to
the tetracycline; and (5) the potential
for reactions to iodine with diiodohy-
droxyquin. Diiodohydroxyquin, by it-
self in a 21-day course, is usually well
tolerated and provides cures on the
order of at least 75% in chronic ame-
biasis:” but again there is a rather
prolonged course of treatment and io-
dine-sensitive individuals cannot use
it. Also, this drug, though to a far
lesser degree than the related com-
pound iodochlorhydroxy quin (Enter~
Vioform),” has led to a few cases of
optic atrophy or polyneuropathy or
both with long-term administration
of larger doses than recommended for
treatment of amebiasis, such as in the
management of acrodermatitis ente-
ropathica. ” Paromomycin (Humatin)
can be given in a short course and
cure rates averaging 80% have been
reported, but it is more effective in
acute intestinal amebiasis than in the
asymptomatic carrier state.” When it
is used alone, relapses are frequent,
and in the required doses, it fre-
quently causes diarrhea and other
gastrointestinal complaints and can
lead to a reversible malabsorption de
feet.” Carbarsone, an arsenical, when
employed alone is curative in only
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‘about 50% of cases.’ Although it is
normally well tolerated, fatalities as
a result of exfoliative dermatitis,
liver necrosis, or hemorrhagic en-
cephalitis have been repwt.ed.”
GIycobiarsol (Milibis), is also an ar.
senical and when given alone, the
cure rate is disappointingly low.” Al-
though side effe@ are fewer with
glycobiarsol than with carbarsone,
isolated instances of arsenical tox-
icity have been reported. 16In view of
the wide range of amebicides avail-
able, it is doubtful whether arsenical
should be used for a chronic condition.
Metronidazole has been heralded as
the most effective drug for all forms
of amebiasis. Although metronidazole
has been shown to be highly effective
in acute invasive forms of amebi-
asis,” claims that it is superior to pri-
marily luminal-acting drugs, when
used by itself in noninvasive forms of
amebiasis, are not substantiated in
all studies. Quite favorable results
were obtained by the use of metro
nidazole alone in various dosage regi-
mens in Pakistan” and India.” But
studies in Bangkok:” and London”
showed metronidazole by itself to be
much less satisfactory for the treat-
ment of noninvasive forms of ame-
biaaia in the lumen of the bowel. In
the London study, carried out at the
Hospitalfor Tropical Diseaaea, it was
concluded that the cure rate in these
forma of amebiasis was no higher
with metronidazole in adequate dcees
than with diloxanide furoate alone,
and side effects were more common
and troublesome. It was thought that
metronidazole is less effective as a
luminal amebicide because it is al-
most completely absorbed from the
small hwel and may thus only affect
intraluminal amebae if they are in
very close proximity to the colonic
mucosa.”

A two- to four-week course of
chloroquine phosphate, concomitant
with or following the use of some of
the drugs discussed, is often em-
ployed as a precautionary measure
against the possible subsequent oc-
currence of amebic liver abscess.zz
The later development of amebic liver
abscess is a rare occurrence in well-
nourished, otherwise healthy individ-
uals with nondysenteric amebiasis
who comprised the subjects of the
present study. Since side effects of
chloroquine phosphate are frequent

and may be additive h those caused
by primary bowel-active drugs, such
as diloxanide furoate (or tetracy-
cline, metronidazole, or diiodohy-
droxyquin used in other studies), and
since we have not encountered ame-
bic liver abscess following the use of
these drugs, chloroquine phosphate
has not been used as a routine pre-
cautionary measure in the treatment
of the usual noninvasive amebiasis
patient in our unit.

Little is known concerning possible
teratogenic effects of diloxanide fu-
roate, and since the main indication
for its use is for a nonacute condition,
it appears best at this time to with-
hold its use at least during the early
stage of pregnancy. Some investiga-
tors have shown activated charcoal to
be beneficial in decreasing the only
common side effect of diloxanide fu-
roate, excessive flatulence,: but this
preparation was not used in the pres-
ent study.

Although diloxanide furoate by it-
self may not be a satisfactory treat-
ment for acute amebic dysentery,’-’ it
holds great promise as a luminal
amebicide in a follow-up course of
treatment to metronidazole in cases
of acute amebiasis, particularly if di-
Ioxanide furoate becomes licensed
and readily available for treatment of
amebiasis in this country. This combi-
nation of metronidazole (in a dose of
5(N ta 750 mg three times a day for
five to ten days) folIowed by a ten-
day standard course of diloxanide fu-
roate, could possibly represent a near
ideal regimen for acute amebic dys-
entery and could also possibly lead to
an even higher cure rate in nondys-
enteric amebiasis than either drug
alone. It might also prove superior to
the present commonly used regimen
of a course of metronidazole followed
by 21 days of diiodohydroxyquin ther-
apy, which was recently reported to
have been followed by the appearance
of amebic liver abscesses in five pa-
tients whose amebic colitis had been
successfully treated with these two
drugs.” We are presently evaluating
a regimen of metronidazole and di-
Ioxar !de furoate in a series of pa-
tients with more acute signs and
symptoms of amebiasis than those in-
cluded in the present investigation,
wherein diloxanide furoate by itself
has been shown to be an effective,
safe, and simple regimen for the

treatment of chronic and subacute
nondysenteric amebiaais.

Diloxanide furoate would therefore
appear to be a valuable addition to
the assortment of amebicidal drugs
used in this country and it is hoped
that it can be soon licensed for rou-
tine use.

Nonproprietary Name
MM Trademark of Drug

Mecronidax.ole-F7agy/
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Treatment of non-invasiveamoebiasis.A comparison between
tinidazolealone and in combination with diloxanidefuroate

PEHROLOV PEHRSON AND ELIAS BENGTSSON

Dept. of lrrfecttbusDiseases,Kanhska lrrsrlrUte,h@wll HOSPWBOX5651, S-114 89 Stockholm, Sweden

summary
Tinidazolc (40 mgrlcg body-weighr in one daify dose for five days) and tinidazole (same dose) plus

diloxanide furoate (20 mgkg body-weight divided into wee daily doses for 10 days) were compared
as treatments for amoebiasis. The parasitic cure rates were 44 and 91°A respectively. We cannot,
therefore, recommend tinidazole alone in this dosage as a treatment for non-invasive arnoebiasis.

Introduction
Tirsidazole (Fasigyn) has recently been widely used

as an alternative to metronida.zole for the treatment of
infections with Enmrnoeba kstolytita. In a previous
study @sWR50N, 1982), tinidazole was given to a
series of patients with chronic intestinal or asymp

_*- ynatie artmebiasis. When checked by at least three
’01 specimens taken on different days, one month
,er treatment, we found a parasitic cure rate (p. c.r. )

of O% (0/14). This should be compared with the
results obtained in other studies, showing a cure rate
of 77 to %“h (Mrsru & LA[Q, 1974; PRAKASHel al.,
1974; JOSH] & SHAH, 1975; BAKSH1e? al., 1978),
using the same dosage schedule but mainly in cases of
acute intestinal arnoebiasis.

To investigate the reasons for the unsatisfactory
response we obrairted, which could be due to too low a
dose or to a low efficiency of tinidazole in the gut
lumen, we carried out a new trial with a higher daily
dose of tinidazole and compared the effecr of this
higher dose with that foflowing trearmenr with
tirtidazole and difoxanide furoate (Furarnide) in com-
bination. This latter was found to be an effective
intralumirtal amoebicide (WOODRUFF & BELL, 1960,

1%7; WOLFE, 1973), whose mode of action upon the
amoeba is unknown. We omitted Furamide as a single
regimen, because it is considered to be ineffective
against invasive amoebiasis and there is afways a risk
of developing an invasive form of the disease if
zymocfeme differentiation of strains of Enlamoeba
hiswlyricais not performed routinely (SARGEAUNT &

Yf/ILLtAMS, 1978; SARGEAUNT et al., 1982).

Materials and Methods
riod O( the srudy? 41 patients were

‘“Mg ‘e rdiagnosed as su fenng from amocbiasm. All of them were
supposed to have contracted their infections abroad, as
arnocbiasis is no! considered to be endemic in Sweden. No
cases of acute, dysetueric amocbiasis or diagnosed or
suspected caws of liver abscess were included. The patients
had no{ received any anti-amoebic drug during the previous

-ewar. Nine of the patients had a concomitant infection with
hardio lawsblia, rwo with Sh$efla ji!em”, WO with Campy-

wbacter jqiurri, one with Salmonella para&ph~ A, onc with
Hywdepis rsana, one with Ascati hambricaik and one with
Tnchwis srichiwa.

[n a prcdcrerrnined, random order, the patients were
a.tlocated 10 rwo groups, 18 being treated with tinidazolc
alone and 23 with the combination, Afl were hospital
in-patients and kept under supervision during treatment.

Dosage schedrdcs
(1) tinidazolc 40 rngfkg body-weightin onedailydosefor five
days;
(2)tinidazole as above PIUSdiloxanide furoate 20 mg&g
tmdy-weight divided into three daily doses for 10 days.

A-p ro&nately one month after tie treatment was c&m-
e!plet , checks were made, including the examination of at

least three stool specimens taken on different days. One of
rhti was exandrscd by direct rni~opy of freshly passed,
loose faeces induced by a 50% magnesium sulpha:e purgative
and the other normally paswxi specimens were examined
by the forrnol-ether-concents-ation technique described by
RSDLEY & HAWGCOD (1956). Faifure was defined as the
pcrsisrence of amoebic trophozoites or cysts in any of these
specimens.

Those in whom the ucaunent with dssidaxoicfailed were
later treated with dsc combination of tinidaxolc and dilox-
anide furoate and those in whom the combination failedwere
treated with metronidaxole 40 mglkg body-weight daify for
10 days.

Results
Data on the participants and the results of the

checks one month after treatment are shown in Table
1. In no case were the side effects severe enought to
cause cessation of treatment. Statistical analysls was
made, using the chi-square test, and showed a
significant difference between the two groups on the
I“/o-level (two-tailed test) and in favour of the
combination. No differences could be found between
the response of Swedes and that of the irr@grants, or
between those infected on different comments (Asia,
Africa, South America). The presence of orher
parasites did not seem co affect the outcome of the
treatment.

Discussion
Our results with tinidazole alone (44”A p.c.r.), in

treating non-dysenteric amcrcbiasis, are unsatisfactory
and differ vet-y much from those obtained in previous-
ly published studies by different authors, using the
same dosage schedules (77 to %“h p.c.r. ) (ISLAM&
HASA??, 1975; APTE & PACKARD, 1978) or lower
(MIs~ & LAIQ, 1974; PRAKASHet al., 1974; JOSHI &
SHAH, 1975; B.AKASHIet al., 1978). The patients in
these studies were, however, mainly cases of acute
amoebic dysentery, a factor which may have in-
tluenc~ the results.

A weak amocbicidal effect of the nitroirnidazoles on
the cyst stage of E. hismfytica was obsenwd by

I
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Table I-Some characteristics and &eabrsent results of 41 patients with non-invasive amocbtasis

Median age Patients with Swedes v. P;ai’a:- Parasile
(age range)

Treatment
symproms v. other

No.
cure

wars asvmrstomatia nationalities check rare. .
Tinidazoic
‘W Osg/ltgxl+v 18 28 (9-68) 11:7 8:10 8 44”/0

Tinidazole 40 @ X 1
X V + difoxanide 23 26 (6-68) 15:8 11:12 21 92°h
furoalc500mr7x3xX

SPILL.UAN et aL (1976), but this report was contra-
dicted by BAKSHt et al. (1978). Our drug trial was
carried out in a country in which .srnoebIasis is not
endemic, making reinfection during follow-up very
unlikely, azsd confirming that the low p.c.r. was
caused by “true” trcattnent failures.

We therefore befieve that our poor results with
tinidazole alone are due to its ineffectiveness in
eradicating cysts in the lumen of the gut, either
because of too effective absorption (MONRO, 1974) or
inactivation by aerobic organisms as shown by RALPH
& CLARKE(1978).

When tinidazole was combined with diloxanide
furoate, we obtained a cure rate of 91°/0, which maybe
compared with studies by WOODRUFF & BELL

(1%7), in which they reported a cure rate of 95°h its
amoebic cyst-passers treated with diloxanide furoate
alone for 10 days and WOLFE (1973), who found a
cure rate of 83°A using the same schedule. It is also
noteworthy that all our failures with tinidazole alone
have proved to be freed from their infection after
treatment with the combination.
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--—. -,~= .- A, INGREDIENT NAME:

J7ERRIC SUBSULFATE PURIFIED POWDER

B. Chemical Name:

Approximately F6M(S04)5(OH)2”

C. Common Name:

D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

Feric Subsulphate (variable)

E. Information about how the ingredient is supplied:
___

Off white to pale yellow to brown fine powder, is odorless.

F. Information about recognition of the substance in foreign
pharmacopoeias:

The Pharrnacopeia of the U.S.

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

H. Information about dosage forms used:

Topically

I. Information about strength:

.=—=.



J. Information about route of administration:.=

Topically

K Stability data:

Decomposition: 520”C

L. Formulations:

M. Miscellaneous Information:

---
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CHEMICAL NAME: FERRIC SUBSULFATE PURlFlED

CATALO& NUMBER: F1042

LOT NUMBER: LF0302

Seller certifies that the processes used in the manufacturing of the above

items were in compliance with the applicable specifications as referred

in or furnished with this purchase order.

—

Sincerely,

+

. .

a

,- i’1
.F-lr 1 LILIAN D. CASABAR



QUALITY CONTROL REPORT

CHEMICAL NAME. :FERRIC SUBSULFATE POWDER.4

MANUFACTURE LOT NO. :LF0302

PHYSICAL TEST

specification TEST STANDARD. :USP /Bp_/t4ERcK_/NF_/24ART._/cO. SPECS._.—

E
l)DESCRIPTION .:

AFF WHITE TO PALE YELLOW TO BROWN FINE POWDER.IS ODORLESS.

2)SOLUBILITY. :
SLIGHTLY SOLUBLE IN WATER AND IN ALCOHOL.

3)MELTING POINT.:

.-., 4)SPECIFIC GRAVITY. :

5)IDENTIFICATI,0N .:
A)A SOLUTION RESPONDS TO THE TESTS FOR FERRIC.

PASSES. : FAILS .:

COMMENTS. : PRODUCT GETS AFFECTED BY LIGHT AND AIR.

ANALYST SIGNATURE. : DATE .:

PREPACK TEST.: DATE. : INITIAL. :

RETEST .: DATE. : INITIAL. :

—---

.+-
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Material Safety Data Sheet

Common Name/ Ferric subsulfate
TradeName

Code F3150

CASH 1310-45-8
\ ‘“--

Manufiacturer SPECTRUM CHEMICAL MFG. CORP. RTECS Notavailable

14422 SOUTH SAN PEDRO STREET TSCA OtI theTSCAlist.

GARDENA, CALIFORNIA 90248

Commercial Name@) Monsel’s Salt cl# Not applicable.

Synoqm i3ask ferrk sulfate
IN CASE OF EMERGENCY

Chernkal Name Not available. CHEMTREC (24hr) 800-424-9300

Chemical Family salt. IEmergency phone: (31O)5I6-6OCQ

Chemical Formula Fe4(OH)2(S04)5 I
Supplier SPECTRUM QUALITY PRODUCTS, INC.

14422 SOUTH SAN PEDRO STREET
GARDEN~ CA 90246

Eqrosnre Lhrdtr

Name CAS # TWA (mghd) STEL (mghtd) CEIL (m@r@ % byWeight

Femc Subsuifate 1310-4s-6 1 100

Toxicological Data Ferric subsulfate

on Ingredients LD50 Not available
LC50 Not available

9
., . ... ... ...>..! .. <:...

‘otsntial Acute Health Slightly dangerous to dangerous in case of ingest!cm. very slightly to slightly dangerous in case of eye

mcts contact(irriint), of inhalation,

~otentialChronic Heafth Very slightly to slightly dangerous in case of eye contact (irritant), of inhalabon

Nmcts CARCINOGENIC EFFECTS: Not available MUTAGENIC EFFECTS: Not available. TERATOGENIC
EFFECTS: Not available. The substance is toxic to blood, ktineys, liver. Toxicity of the product to the
reproductive system” Not available. Repeated or prolonged exposure to the substance can produce target
organs damWe

WARNING: This producl containa a chemicai known to the State of California to cause cancer.
Chemical ingredient(s) requiring this warning:

NONE

WARNING: This product contains a chemical known to the State of California to causa birth defects or
other reproductive harm.
Chemicai ingredient(s) requiring this warning:

NONE
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Fern-c subsulllm %ga Number; 2

. ...,,.. .. . . . . . .. . . . . . . . . . . . .
‘:;S@ti+”4;:Fi~Ajd, Me!sur&,, ; ~ ; ,,.. ;, , ;:’” ‘:..: “ : : :’ ‘:.:’ ::’: .;’! ;: ;. i:. ‘.;, ..:..:,::.... . ~

>!....,.!,. ,., .<. ,. ..,.,.

Eye contact IMMEDIATELY flush eyes with running water for at least 15 minutes, keeping eyelids open COLD water
mav be used I

Skfsr Contact NO known EFFECT according to our database. I
Serious Skin Contact No additbnal information

Inhalation Allow the ‘fIctim to rest in a wall ventilated area Seek immadiece medical attention.

Serious Inhalation No additional Information, I
Ingestion Remove dentures [f any Have conscbus person drink several glasses of water or milk. INDUCE VOMITING

by stkking finger in throat. Lower the head so that the vomit will nol reenter the mouth and throat. NEVER
give an unconscious person anything to ingest. Seek medical mention.

Serious Ingestion No addltbnal Information.

, SeCtiti 5. Ff@ ‘ah~ “Ex@osion Da& . ,“.

Ffammabili~ of tbe Product Non-flammable

AutdgnftioB Temperature Not applkable

Ffash Points Not applicable

Ffammable Limits Not applicable

Products Of Combustion Not applicable

Fire Hazards in Presence of Not applkable.
Various Substansm

EsplosiossHanwds in Risks of explosion of the product in presence of mechanical impact Not available.
Presence of Various Risks of explosion of the product m presence of static discharge: Not available.
Subsfanees No specific information is available in our database regarding the product’s risks of explosion in the presence

of’various materials

Fire Fighting Med~ Non-flammable.
and hsstructiorrs

Spedat Remarks oa No additional remark.
Firs Hazards

Special Remarks cm No additional remark.
ExsdosiosrHarards

Small Spill Use appropriate tcols to put the spilled solid in a convenient waste disposal container If necessa~”
Neutralize the residue with a dilute solution of sodium carbonate. Finish cleaning by spreading water on
the contaminated surface and dispose of according to local and regwial authority requirements

Large Spill Our datebase contains no additional information In case of a spill andlor a leak of the product. Use a

shovel to put the materiel into a convenient waste disposal container. Neutralize the residue with a dilute
solutlon of sodium carbonate. Finish cleaning by spreeding water on the contaminated surface and allow
to evacuate through the sanitary system.

;.:*&% 7.’tiia~i&%ti’sbktie:’”::” :!:~”:’i:’::: ‘i~””J’!’::::”””:::’””: ~“””:~’ : “~”“’ “~’””””:; ’”:: ~”:; “:”$’:~;”i~l ““~~: ‘:””: ““”’::;”:::’

I Precasssiens No specific safety phrase has been found applicable for this product.

Storage No sp@fii Stomge is required. Use shelves or cabinets sturdy enough to bear the weight of the chemicals.
Be sure that it is not necessa~ to strarn to reach materials, and that shelves are not overloaded.

,,.,,.,.: . ....<.... . . .... ,....’..
‘“ gonU~ed~NeMPt3g-’ ‘ : ‘; “’ ‘“’ ‘ ‘“ ‘ : “ ““: ‘“:! ‘“’”’ ‘:” ‘:! “<: ““ ‘; ‘!” “’{:’ “’ ‘“;:’ “
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i Ferri”c subsulfite Page Num&er: 3

. ......... .. ..... . ,,. ..... ..... !. ,, . . ...’.... . . . . . . . . . . . . . . .

: Swk?o. 5 EXPOSfJWGwm?lW@r?w#,P?o!@?Pon.
. . . . . .. . .!. .. ’,. .

Enginwring Controls Use process enclosures, local exhaust ventilation, or other engendering controls to keep airborne levels
below recommended exposure limits If user operations generate dust, fume or mist, use ventilation to keep
exposure to airborne contaminants below the exposure limit

Personal Protection Safety glasses Lab coat

Personal Protection in Case Splash goggles Full suit Bocts Gloves Suggested protectNe clothlng mght not be sufficient, consult a
of a Large Sptii specialist BEFORE handling this product.

Exposure Limits TWA 1 (mg/m’) from OSHA/NIOSH [1993]
TWA 1 (mglrrf) from ACGIH [1993]

Consult local authorities for acceptable exposure limits.
4

. . . . . . . .. . .. . .. . . . . ~.,.,,,...,.. . ...7..<, . . . . . . . . .. . . . . . . . . . . ,. ;,... -, .,..<.. . ;,.....,. , : ::.:::... ,., .>.

“:,;: ;,, .,:::‘;:::..:;: ::; .::’: I
Physicalstate and solid. Odor Not available.
ippearassce

Molecular Weight Not available
— Taste Strong

Cotor Brown.
pH (1% solnhvater) 4 $

Boiling Point Not available

Metting Point Decomposes

Criticat Temperature Not availabla.

spedfk Gravity Not available I

Vapor Pressure Not available.

Vapor Density Not available.

Votatilitv Not available.

DolorThreshold Not available

Water/Oil Dist. Coeff. Not available.

[ossicity(in Water) Not avallabla

Dispersion Propetttes See Solubilrty m water.

SolubWty Easily soluble in cold water, hot water.

Stability The product is stable

Instability Temperature Not available

Cond*ns of Instability No addtional remark.

Incompatibility witts various No specific information is available in our database regarding the reactivityof this material In presence of
substances wirious other materiels.

Corrosivity Non-corrosve in presence of glass.

J
Spedal Remarks M No additional remark.
Reactivity

Speeial Remarks M No additional remark.
Corrosivity

Potymeriration No

,,.,,,,,,,.,.,..,,. . .... . ...,>.,>.. . . .,,,, ~gweq.m.Nw&v ,., ‘ ,.,.:,..... .. ,,,,; , ,;.,,,.,.,.,,,,,,,’ ~~~~,,,.. ,,,. I
IWY 26 ’98 09:58 SFECTRUI Ql_H_ I TY PRGE. 0Et5
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Fem”c subsuh%te Page Number: 4

,, ..,.<, . . . . . . . . . . . . . . . .
;.secgq f?,,T@cdogi~l ,tI’r@rr@on: “

,.
... .,

~
Routes of Entry Ingestion. I

Toxicityto Animals LD50: Not available
LC50: Not available

Chronic Effects on Humans The substance is toxic to blood, kidneys, liver Toxicty of the product to the reproductive system’ Not
available.

Other Toxic Elhsts on Slightly dangerous to dangerous in case of ingestion
Huma~s Very slightly to Slightiy dangerous in case of eye contact (Irritant), of inhalation.

Spsctal Remarks oa No additional remark.
Toxicity to Animals

Special Remxrks os No additional remark,
Chronic Effects 0ssHumans

Special Remarks oa other No additional remark.
Toxic Effects on Humans

Ecntoxicity Not available.

BOD5 and COD Not available,

Products of Biodegradation Some metallic oxides

ToxicttYof the Products The products of degradation areas toxic as the original product
of Biod;grndation

Special Remarks omtbe No additional remark.
Products of Biodegradation

... ..<. . .... .. . . . ... .. ..... ,., .,,: , .,..,,.,: ,,,, .. ... . . . . .. .. .. , ,,, ..,.:: ,,, .... . ..,. .::..: . . . . .:,
~

.
@@@@@W@ti* .;: ., ;’ :::.,:: ‘::~::::’:;,:;:;:::..< “;,,’.::=.”:;::; ::~:;:,:~:,:’

VasteDisposal Recycle to process, if possible. Consult your local or regional authorities I

DOTClassification Nota DOTcontrolled material (United States).

ISfentiticatiosr Not applicable (PIN and PG)

@ecirslProvisions for Not applicable
r’ransnort

OOT(Pictovs)

t
. . . . . . .. . . . ,:, ,, :,. J,:, ,,, :,:.

,Stiiild!his.:dtherRif@iitoti%@hat@n ‘and’~~drn~”:“’::’:::‘“‘::“~~“~’”:’”“’::‘“~ ‘:::““’! ‘; :
,,, .,:., ... . . ....... . . .... ..:,.....

~ederaland State The fdlowng product(s) is (are) listed on TSCA Ferric subsulfate
lcgufatiorss

:a[iforrria WARNING: This product contalna a chemical known to the State of California to cause cancer.
?roposilion 65 Chemical ingredient(a) requiring this warning:
Warnissgs

NONE

WARNING: This product containa a chemical known to tha State of California to cause birth defects
or other reproductive harm.
Chemical ingredient(s) requiring this warning: I
NONE

Other Regufstions OSHA Hazardous by definition of Hazard Communicabon Standard (29 CFR 1910. 1200)

m
,,..,, ,.. :,,,.. . .. . .. . .... .... ....<.<
“:.~#~d*:y4P d@’<””’” “ ~:!’‘: ““’:‘“; “::“:;””:(‘;i “ “’ ‘“’;’::’”;:“: ‘ ““

.,, ,, ..<
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Fem”c subsuhte page Numkn 5

Other Classifications WHMIS (Canada) Not controlled under WHMIS (Canada).

DSCL (EEC) Not controlled under DSCL (Europe)
s

HMIS (U.S.A.) .Yational Fire Protection
.fX:kk.

n~m~

Association (U. S.A.)
H,* </,’<0> .,-w

\L\,,/’y’ Speclrk hind

WHMIS (Canada)
(Pictogranss)

@

DSCL (Europe)

(Pictograrus)

@

TDG (Canada)
(Pktogranls)

@
b )

ADR(Europe)
(mtogranls)

Protective Equipment

m

Lab coat

0

Safety glasses

Catalog Number(s) F1042

References Notavailable.

Dthcr Spccid No addtional remark.
Consi&raSions

Validated by E. BruD on 9/26/97. I VwitlcdbyE.Bmll.

Printed 9t29197.

Emergency phone:(310)516-8000

Notice to Reader
AUckem&lramyVsm&om haumlr ad *U Dt =d * e- m MILvkll .%@@ IMta shed (Mww @es ●l@ 10m MAdaid Osparhlgt’d (p13p?O&rI ?3
cOmtdnalwax amr—?isls,&idmdL% ~& MLvpOx~ui mallsaalt m&Lr. MSD.i It5k0fIbefke asdsrapuOlI@u Dt?cawlac io &w[@p prtpe?

adcdi @aa4ias adpmwmlproitcdon bore+?CM&e art%d com&iou Q@t. J?Wt 6& USDS & tad m iecbdeol @iuJ8&crU I. k rdiaWe, Spcc&IM Qd&y PmdkcLs
Ik&-csna Fupdb@ipr tie COm@iclless . Orrnlncg oftb. @nuIlfim Cdntd krrdn.
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Material Safety Data Sheet
I NFPA I HMIS I Personal Protective Equipment 1

@

o0 w
!ommoa Name/ Ferric Subsuifate Solution
‘rade Name

hmfactursr SPECTRUM CHEMICAL MFG. CORP.
14422 SOUTH SAN PEDRO STREET
GARDENA, CALIFORNIA 90248

!ommercial Name(s) Monsel’s Solution

w- Not available,

!hesntcalName Not appltable.

~hemicalFamity salt

I Code F3155

!hemical Formula Notapplicable I

CAS# Not aDDkable

RTECS Not applicable

TSCA All the ingredients are on the
TSCA list

cI# Not applkable.

[N CASEOF EMERGENCY
CHEMTREC(24hr) 800-424-9300

Emergency phone: (310)51 tW000

upplier SPECTRUM QUALllY PRODUCTS, INC
14422 SOUTH SAN PEDRO STREET
GARDEN~ CA 90248

lame I CAS# I TWA(mgh?) I STEL (rrsghi) ICEIL (mghf) ] % byWeight I

‘erTk subsulfate 131&45-a 1 20-22
Vater 7732-1S-5 7&so

“otiogtcal Dsts Ferric subsulfate
a Ingredietrk LD50 Not svailable.

LC50. Not available.

...2.... ,.. ,. ..> . . .,, ..><...-, . . . . . . . . . . . . . . . , . ...’...,, .’, . . . . . , . .:.,,,... . . . ,<

“sec’m3. Hazadi’kitwdffcarfon ~~ ;; ~~~~~:~~‘ ! ;’ jj~ (.~ ~~~~:j ~;~ ~l::;.i’:::.’ ;;; ~; ,: :,,; .,,,: .;,:;;,::::... . . . ... .>,...,... >.. x >.,. .. .-. .<----- !.. .,<:r r- .. ‘ ,! . ... ., i . . . t

‘otesrliafAcste Heatth Very s~ghtly to slightly dangerous in case of eye contact (irritant), of inge~lon, of inhalation. Not dangerous
Mkcts in case of skin contact (non-corrosive for skn, non-irritant for skin, non-sensitizer for skin, non-permeator by

skin)

‘olantial Chronic Health Very shghtiy to slightly dangerous in case of eye contact (irrtsnt), of hhalation
~flect~ Not dangerousin case of skin contact (non-corrosNe for skin, non-irritant for skin, non-sensitizer for skin,

non-permeator by skin), of ingestion.
CARCfNOGENIC EFFECTS: Not available MUTAGENIC EFFECTS: Not available. TERATOGENIC
EFFECTS: Not ava(lable The substance is toxic to blood, kidneys, liver. Toxicity of the product to the
reproductive system: Not available. Repeated or prolonged exposure to the substance can produce target
organs damage

WARNING: This producl contains a chemical known to the Stata of California to cause cancer.
Chemical ingredient(s) requlrlng thla warning:

NONE

-.,..?.. ,,. . .=) .’..,.... -= ...7. .

“c&miidq*”N*P&wa ‘ “ ; ‘: ““’;’:”::“ ““ ‘ “’ ‘ “ : “ “~ “ : ‘“‘i;:”;:! ‘“i‘ : ‘“:“’”’~’’’.”!;::’““::~:’-..,.- . 1
MRY 26 ’98 lEt:IZ12 SPECTRWf QI-R- I TY PRGE . @Et8
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Fem”c SubsWate Solub-on Page Number: 2 I
WARNING: This product contains a chamlcal known to the State of California to cause birth defects or
other reproductive harm.
Chemical ingredient(s) requiring this warning:

NONE

lye contact IMMEDIATELY flush eyes with running water for at least 15 minutes, keeping eyelids open COLD water
may be used

kin Contaci NO known EFFECT according to our database.

hieus Sfdn Contact No additional information

nhafation Allow the victim to rest in a well ventilated area Seek Immediate medkal attention.

iertous Inhalation No additbnal information

ngestiorr Remowr dentures f any Have conscbus parson drink several glesses of water or milk INDUCE VOMITING
by stiking finger in throat, Lower the head so that the vomit will not reenter the mouth and throat. NEVER
gtie an unconscious person anything to ingast. Seek medical attention.

ieriesrsIngestion No additional information

,, .,,,., ,.,, ,:.,..,.. <..,.,..... ...... . .... ....>.... .... ...m:- . . ! <,,:,,... . . . .

Iammability et the Product Non-flammable

utdgssftioa Temperature Not applicable

tash Points Not applkable.

Iemnrebie Limits Not applicable

roducts of Combustion Not applkable.

ire Hazards in Presenceof Not applicable.
arious Substances

xplosion Hazards in Risks of explosion of the product in presence of mechanical impact: Not available.
resence of Various Risks of explosion of the product in presence of static dtscharge: Not available.
srbatsmces No specif~ information is available in our datebase regarding the product’s risks of explosion in the presence

of various materials

ire Fighting Medhs Non-ffammable.
nd Imdrwtso“ ns

pedal Remarks oa No add~onal remam
‘k Hazards

pedal Remarks ea No additional remark
:xplosionHazards

msll Spill Dilute with water and mop up, or absorb wRh an inett DRY material and place in an appropriate waste
dlSpOSSrl COfIklfWr. If necessay: Neutralize the residue vvlth a dilute solutlon of sodium carbonate.
Finish cleaning by spreading water on the contaminabd surface and dispose of according to local and
regional authority requirements.

arge Spiif Our database contains no additional information In case of a spill and/or a leak of the product Absorb with
an inert material and put the spilled matefii in an appropriate waste dispczsal Neutrallza the residue with
a dllule solution of sodium carbonate. Fhish cleaning by spreading water on the contaminated surface
and allow to evacuate through the sanitary system

.,.,,...<.,,.,,,. ., .,.,.,,. .:...=. . . . ..
“’;C@Wyeq~N~Pa@Y “ “;’: “: “’” ‘:: :’: ; ‘ “’” ‘“ “; ‘ “’; “’ “’” ‘“::’ I
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Fern-c Subsuhte Soim”on J%rgeNumber: 3

. . . . ... .. . . ... ,.. .
,;,,.~Cdw..7.,HgHliq. aMmegq.: .. .. ..,. ... .. .. .:, ... .. . ... ,: ... . . .... .... ... ..... .. . .

Precautions.- No specrfic safety phrase has been found applicatXe for this product

Storage No spWfii storage is required Use shelves or cabinets sturdy enOLgh to bear the weight of the chemicals

Be sure that t is not necessary to strah to reach materials, and that shelves are not overloaded.

,.,. . . . . . ... . ... ...... .. . . . . ..
“ “’$@jj&j & ‘EWdWW C$W@?Watkh@Fhtictioti’ “ ‘ ‘“’;

Engineering Cosstrok Provide exhaust ventilation or other engeneermg controls to keep the airborne concentrations of vapors
below their respecti threshold limit value

Personal Protection Safety glasses Lab coat, Gloves.

Personai Protection in Case Splash goggles Full suit. 130cis. Gloves. Suggested protective clothing mght not be sufficient consult a
efa Large Spill specialist BEFORE handling this product.

Exposure Limits Ferric subsulfate

TWA. 1 (mg/m’) from OSHWNIOSH [1993]
TWA: 1 (mglm’) from ACGIH [ 1993]

Consult 10cal authoriiias for acceptable exposure limits.

;l;ketiti@9.Wytib# 6ti&C*iaf ”*&’; “;.!l:~{i::?j~ i:’!”l~ ~Y:;.~;""::';:T::""~~i;.j:\`;;~j.!!l!:.7:'~.:I;''.";~:;: “

Physical state and Liquid. Odor Wght.
appearance

Moiezuiar Weight Not applicable
— Taste Strong

— Coior Brownish-red,
pH (1% solsshvater) 4

Boiling Pdsst lIXYC (212°F)

Meiting Point Not available.

Critical Temperature Not available

m Specific Gravity l,58(Water= 1)

Vapor Pressure 17.535 mm of Hg (@ 20”C) based on data for Water

Vapor Desssiiy 0.62 (Air = 1) based on data for Water

Volatility Not available

Odor Tbreshdd Not available.

Water/Oil Diet. Coeff. Not available.

lonicity (in Wate@ Not available

Dispersion Properties See volubility in water.

SohsbiEty Easily soluble in cold water, hot water.

. ... . . . .... . . .. ., ,,. .>:-jc. ..: y.. ,’ z .. ::. f .: .<. ,.. : ;:.,:.:...:::. .,’
::;:s=f@sgM(@~RQacM*m’:: ::.::’”’::::” “X<::”::” ‘.!:i’ ‘::’”:: :::-::’:::’: “~::”~:” ::’::’”’’:l~’ ‘~”:~!”;:; “’”::”“ ,

. . .

Stability The product is stable.

inetabifity Temp-ture Not availabie.

Conditions of Instabiiii No additional remark.

Incompatibility witts various No specific information is available in our database regarding the reactivity of this materiel in presence of
substances various other materials.

Corrosivity Non-corrosive in presence of glass.

Special Remarks w No additional remark.
Reactivity

Spscrnl Remarks oa No additional remark.
Corrosivsty

.~. Pdymerisatioss Not available

,., ..,,,... .. . . ,= ....<,>,.;.,,.... .; .;:;
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Fem”c SubsWete Solulion Page Number: 4 I,,,....(’......’... . ,,........,<. . .,,.,., .,,
.?WKW?f:.~wc~oa!wl.!-~~..,, .“: ,. .“::::’”::’; : ;::.:::,””:;“.::“3:::;<”‘;:’”.”:;‘
ftOUtCS d Entry Ingestion

Toxicity to Animals LD50: Not available
LC50: Not available

Chronic Effects 0ssHumans The substance is toxic to blood, kidneys, liver Toxicty of the product to the reproductive system: Not
available.

Other Toxic Effects on Very sltghtly to sightly dangerous m case of eye contact (irrtart), of ingestion, of Inhalation
Humams Not dangerous in case of skin contact (non-corrostve for skin, non-irritant for skin, non-sensitizer for skin,

non-permeator by skin).

Spesfal Remarks oa No additional remark.
roxicify to Animals

SpecialRemarks ox No addfional ramatlc
Chronic Effects on Humans

SpecialRemarks oa other No additional remark
roxic Effects OSIHumans

. . . . .,
!’stiMf2F;EcQ/Mb&hmap,’’’,:: :’: :::; ‘.”,,:”” ‘: ‘:’: ;’ , - ,, .::;” ;’; “, ~~ : .,, :’”

.,’ ;:. . . . . . . .. .... . ...’... ,

.”..,...,,...”, . . . . w

Ecotoxicity Not available

60D5 and COD Not available

Products of Biodegradation Some fWtSlliCoxides

roti of the Products The product itself and its products of degradetiin are not toxk
K Biodegradation

SpecialResnartsxon the No addtional remark.
Products of Biodegradation

IWaste Disposal Recycle to process, f possible. Consult your local or regional authorities. I
.,,,?.. .;., ....,.<: ..: . ,. ; >. :

DOTcksifkxtioss Not a DOT controlled materiel (United States)

Mentikatiosr Not applicable (PIN and PG)

SpeciafPmvtsionsfor Not applicable
T-ransport

DOT(lVctogsnms)

@

?

;,.,,.. .. ... . . .. .

Fedeml and State The fdlcrmg product(s) is (are)listed on TSCR Ferric subsulfate, Water
Regulations

California WARNING: This product containa a chemical known to the State of California to cauee cancer.
Proposition 65 Chemical ingredient(s) requiring this wamlng:
Warnings

NONE

WARNING: This product contains ❑ chemical known to the State of California to cauae birth defects
or other reproductive harm.
Chemicai ingredient(e) requiring this warning:

NONE

Other Re@stions OSHA. Hazardous by definition of Hazard Communication Standard (29 CFR 1910. 1200)

.. ...... ... ,.,,. >.,,... ... . . .. ... ,., . . . . ..,:.,.,. , . .. .. . ... .. .. . .... .... . .’ .:: , :..:.::,.:.. ;:
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Other Cksiftcations WHMIS (Canada) Not controlled under ‘WHMIS (Canada)

DSCL (EEC) Not controlled under DSCL (Europe)

HMIS (U.S.A.) Yational Fire Protection
/\ 6

n5550ubntty

Association (U.S.A.) ‘\ /“

‘C* <, ,}$,> R’=U*Y

“1..,/ Spwlflchmrd

WHMIS(Canada)
(Pictograrns)

@

DSCL (Europe)
(Pictograms)

@

TDG (Canada)
(Pictograms)

@

/
d

<’

ADR(Europe)
(Pictogralns)

Protective Equipment

@

Gloves

m

Lab coat

n

Safety glasses.

...... ..............,. . ... ... ..... ........ ..
:.,SeWon 16.’0 .’: .:. : “’ ‘,’:: “j ;,, ;:’: ‘;’; :.:,:” :;’” ::, ,“:::;’:: ,’”, ‘,: “

. .. . . . . . ...”. . . ... .. ... .,,

Catalog Number(s) FE107

References Not available,

Otlscr Spsciat Noaddtional remark.
IConsiderations

Emcrgsncy phone: (310)5168000

Notice to Reader
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IRON, CHROMIUM, AND .\ LUMINUM 449

and titrate with 0.1 N potassium permanganate until a permanent
pink color is produced. Each cc. of 0,1 N potassium permmwmate
corresponds to 15.19 mg. of FeSO.4. This assay is explained in the
chapter on 0jicr2d Assaus.
Storage-Preserve the salt in well-closed containers.

Uses—This salt is more stable in air than the fully
hydrated Ferrous Sulfate, and is more adaptable for
making capsules, pills, and tablets.

Usual Dos&O.2 Gm. (:lpprotimately 3 grains).

Ferrous Sulfate Syrup U. S. P. Syrupus Ferri Sulfatis
[Sp. Jambe de Suifato Ferroso]

Ferrous Sulfate Syrup contains, in each 100 cc., not
less than 3.75 Gm. and not more than 4.25 Gm. of
FeSO+7H,0.

Metric Atteras4tive

Ferrous Sulfate . . . . . . . . . . . . . . . 40 Gm. 1 oz. av. 147 gr.
Citric Acid . . . . . . . . . . . . . . . . . . . . 2.1 Gm. 31 gr.
Peppermint Spirit . . . . . . . . . . . . . . 2 cc. 31 min
Sucrose . . . . . . . . . . . . . . . . . . . . . . 825 Gm. 27 oz. av. 236 gr.
Distilled Water, a suficient quan-

tity,

To make . . . . . . . . . . . . . . . . . . . 1000 CC. 2 pints

Dissolve the ferrous eulfate, the citric acid, the peppermint
s irit, and 200 Gm. of sucrose in 450 cc. of distilled water; and
~terthesolution uxttilclear. Then dissolve the remainderof the
sucrose in the cIear filtrate, and add sufficient distilled water to
make 1000 cc. Mix well and strain, if rwcessary, through a
pledget of cotton.

Assay—Transfer 25 cc. of Ferrous Sulfate Syrup, accurately meas-
ured, to a 250-cc. Erlenmeyer flask. Add 15 cc. of diluted sulfuric
acid and 100 cc. of water, and shake well. Titrate with 0.1 N eerie
sulfate, using orthophenanthroline T.S. as the indicator. Each cc.
of 0.1 N eerie sulfate is equivalent to 27.80 mg. of FeS04. 7H@.
This assay is expIained in the chapter on Of%mklJLWW9.
Storage—preserve this Syrup in tight containers.

Uses—See Ferrous Sulfafe.
Usual Dos+8 cc. (approximately 2 fluidrachms).

Ferrous Sulfate Tablets U.S. P. Tabelk Ferri Sulfatis

[LJp.Tabletas de Sulfato Ferroeo]

Ferrous Sulfate Tablets contain not less than 95 per
cent and not more than 110 per cent of the labeled
amount of FeSO A.7HZ0. An equivalent amount of ex-
siccated ferrous sulfate may be used in place of FeSOq. -
7HZ0 in preparing Ferrous Sulfate Tablets.

For tests for Identilirution and the Wtiht variation requirements,
see the U. S. P.
Assay—Weigh a counted number of not leas than 20 Ferrous Sulfate
Tablets, and crush them welf without appreciable 10SS. Weigh accu-
rately in a beaker a portion of the crushed Tablets, equivalent to about
500 mg. of ferrous sulfate, and dieeolve in a mixture of 20 cc. of diluted
sulfuric acid and 80 cc. of freshly boiled and cooled water. Filter the
solution rapidly as soon se all soluble ingredients in the tablets are
dissolved, and wash the beaker and filter with small portions of a
mixture of 20 cc. of diluted sulfuric acid and 80 cc. of water. Immedi-
ately titrate the combined tiltrate and washings with 0.1 .V eerie
sulfate, using orthophenanthroline T.S. es the indicator. Each cc.
of 0.1 N eerie sulfate is equivalent to 27.80 mg. of FeSO*. 7Hz0.
This assay is explained in the chapter on @cad .&ways.
Storage-To minimize osidation, these tablets should be kept in tight
containers.

Usual Dose-O.3 Gm. (approximately 5 grains) of
Ferrous Sulfate.

Unofficial Inorganic Iron Compounds
Ferric Ammonium Sulfate, Ferric Alum-An official reagent.
Ferric Chloride, Iron Perchioride [FeC13,6Hz01—.ti officicdreagent.
Ferric Ferrocyanide, FeA[Fe(CN)a]s-Commonfy called Pruasim blue.

A dark blue powder, insoluble in water. Uses: a pigment in
paints, in inks, and in bluing. Formerly used in medicine as a tonic.
Do.srx 0.12 to 0.3 Gm. (2 to 5 grains).

Ferric Ferrocyanide, Soluble, Soluble Iron Ferrocyanide [approxi-
mately KFe[Fe(CN) d + H201—A blue powder, eduble iII water.
forming a c6110idalsolution.-

Ferric Fluoride [FeFs + HzO]—White to slightly ye~ow. crysta~ine
powder. Slightly soluble in water or in alcohol.

Ferric Hydroxide, Antidotum Fuchsi, Hydrated Ferric Oxide-See
Maurrru of Ferric Hvdrode (page 248).

Ferric Nitrate me(NO S)a]--Grayfsh white crystals: soluble in water.

Use.x a mordant in dyeing and in calico-printing; also a tonic and
aatnnzent.

Ferric Oxide, Saccharated N. F. V1l—The following directions were
given:

Dissolve 11 Gm. or nrormhydrated sodium carbonate in 150 cc. dis-
tilled water. Dilute 30 Gm, of ferric chloride solution with 1.50 cc. of dis-
tilled water andgrraluallyodd, yith constantstirring,to thecarbonatesolu-
tion. DecantthesupernatantImuidanrlwash the reci i tzte WI th distilled
wateruntil a portion of the washings, when dilut CX$wit! .5 volumes O( die-
tilled water, give onl> a slight opalescence with silver nitrate T.S. Collect
the precipitate on a cloth strainer. transfer the matime to a porcelain dish on a
water bath, and add 50 Gm. of rycrose and a suttlcient quantity (not more
than 5 cc. ) of a 15 per cent mlutmrt of scxhrn hydroxide to rrrm.fuce s clear
solution. Evap,oram the mixture to drynese upons water bath tyrd, If neces-
sary, add suficlent pondered sucrose to make the product wm~b Ifl G m.
When no prepmsd it cont+ns ?bout 3 per cent of iron [Fe] corrmpondtng to
about 4.5 per cent of [ernc ox]de.

It occurs as a brown powder which is soluble in water but insol-
uble in alcohol. The iron in this preparation is non-ionic and it
does not respond to some of the usual reactions for iron. Uses: a
hematinic. Dose: 2 Gm. (30 grains) corresponding to 60 mg. of Fe.

Certzin specially prepared solutions of saccbarated ferric oxide
may be administered intravenously, and me currently receiting
trial for the treatment of refractory hypochromic mrmeiae.

Ferric Phosphate [FeP04.4H20]—A nearly white or siishtly yellow,
crystalline powder. Insoluble in water or in acetic acid: soluble
in mineral acid. Uses source of iron for the enrichment of foods.

Ferric Pyrophosphate [Fe4(P20-j)x.9H201-Nearly wl:ite to slightly
yellow, crystalline powder. Insoluble in water: soluble in mineral
acids; also soluble when freshly prepared, in an excess of alkali
citrate, forming green solutions.

Ferric Pyrophosphate, Soluble-This is a complex saltof sodium
fcrricitropyrophosphate. It is made by the process descrilwd for
Soluble Ferric Phosphate, replacing the sodium phosphate with
sodium pyrophosphate. It contains 11 to 13 per cent.of iron. Tbe
iron in tbia phosphate ia, like that in Soluble Ferric phosphate.
non-ionic. It occurs as bright green scafes or as antdes. It 19
freely noluble in water but insoluble in aJpohol. E .rsw a hema-
tinic. Do.sa 0.25 Gm. (4 grains).

Ferric Subsrdfate [~
y

roximately Fe4(SOq s(OH) g]—Yellow, some
what hygroacopic powder, vev slowly ana uetttdly incompletely
soluble in wateq; insoluble in alcohol. Uw.x a atyptic. and ~
mordant in textrle dyeing.

Ferric Sulfate [Fe 2(S0 ~ +Ckayish white, veWdh&fmleeopic powder.
Uas-x .m-Slowly soluble. in water, sparingly soluble in a

mxlirt water purification.
plo cd in dyeing, in the manufacture of Prruwian blue and ir&.

Ferrous Ammonium Sulfate-.ti official reagent.
Ferrous Bromide [FeBr2j—A yellowish, deliquescent crystalline

powder. Soluble in water. Use-x alternative and tonic. Des=
0.06 to 0.2 Gm. (1 to 3 sins).

Ferrous Chloride ~eCl #J3~G;$~;;i $l$ueee~e~~n~~ .7
crystallinepowder.

,, -.
.mrt

water aciddated with hydrochloric acid; incompletely. soluble in
alcohol. Ussx astringent in gargles; rdso a mordant m printing
fabrics and in dyeing.

~4H-01-Almost black. verv deliaue,-- *Ferrous Iodide [FeIi. _...
msases. Deeomnoses raDidlv in air with iiheration of- i~;~~
Freely soluble in ~old wat&, decomposed by hot water; also soluble

,----

in alcohol. Uses: an alternativeand tonic, generally @ven in nil].–r

or capauks.
Ferrous Phosphate we3(P04)2.8H20]-On account of rapid oxida-

tion in air the article of commerce contains bsxic ferric phosphate.
A ayish blue powder. Insoluble in water, soluble in mineral
aci% U.wx a hematinic: also used in coloring ceramics. DOSC
0.3 to 0.5 Gm. (5 to 8 grains).

Ferrous Sulfide [FeS]-An official reazent.

Inorganic Iron Specialties
Note- The follow@r ~eparation-s, wrafaininq irors PST se, or iron

rypple?nerdd, rviih vtiamww and other subs.kxncea, are ueed oa herna-
ttnw-s arcd dw-taw supplements. The doze varmx with the require-
merda of the individual.

Aminoferin (J. T. Lloyd)—Liquid containing iron, aminoacetic acid,
and thiamine hydrochloride in an oat menstmum.

Arsenoferratose (Rare-Galen)—Elixir, each fluidounce containing
sodium ferrialbuminate sufficient to furnish 235 mg. iron, and 0.9
mg. arsenic; tablets, each containing sodium ferrialbumirmte to
furnish 16 mg. iron, and 0.09 mg. arsenic.

Ascoferrin (Doreey)-Capeules, each containing 0.325 Gm. ferrous
sulfate and 50 mg. ascorbic acid.

B Ferrated (Upjohn) —Elixir, each fluidounce containing 1.3 Gm.
ferrous sulfate with vitamin B complex supplement,

Befolex (Centr@-Tablets, each containing 19.4 mg. ferrous sulfate
with folic acid and vitamin B complex factors.

Beofer (Rexall)—Elixir or tablets, each Iluidounce of the elixir cor -
taining 3 gr. ferrous suffate, 2 mg. riboflavin, and 1 mg. thiamine
hydrochloride; each tablet containing 3 gr. ferrous sulfate, 5 mg.
nicotinic acid, 0,08 mg. pyridoxine hydrochloride, 0.6 mg. riboflavin.
and 120 U. S. P. units vitamin B 1.

Betacuron (Lakeside) —Liquid, each 30 cc. containing 274 mg. iron
peptonate, 15.9 mg. copper gluconate, with vitamin B factors.

Betafcrrum (Hart Drug)-Elixir or tablets, each fiuidounce of elixir
containing 20 gr. ferrous suIfate and 3.6 mg. thiamine hydrochb
ride; each tablet containing 3 gr. exgiccated ferrous sulfate and 1.0
mg. thiamine hydrochloride.

Betaron (Warren-Teed) -Syrup, each fluidounce containing 1 Gm.
ferrous sulfate and 3 mg. thiamine hydrochloride.

Biatron (National Drug) -Elixir, each fluidounce containing 4 gr.
green iron rmd ammonium citrates, 5 per cent alcohol, 4 gr. calcium

Ttt’7
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L)lu THE PHARMACOP~IA OF THE
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Dithymol Diiodide (Thymol Iodide). . . . . . . . . (C,oH@fla
1

O=l;
Dysprosium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Emetine.

Dy. ““”””””””””””” ,5;!”%. . . . . . . . . . .
16 ““”’’-.-m”””.O”C1SH4aN.-.........C1SH4aN

Hydrochloride, Anhydrow. . . . . . . . . . . . . . . . . .44u.19q

Epineptine, Hydrated . .. .
. . . . . . . . ..&H@N2.2H C1. . ...4... 51..--’

. . . . . . . . . . . . . . . . .c9&OW~+~H20 . . . . . . . .
Erbiutn 192.12 ~~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
ErythroI Tetranitrate

Er. . . . . . . . . . . . . . . . . . . . . . . . 16? q ‘.

Ether (Ethyl Oxide)
. . . . . . . . . . . . . . . . . . . . . . .C4H6(NOS)4............... 3(
........................

EthylAcetate . . . . . (GH5)20.. . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . c2H5c2H@2 . . . . . . . . . . . . . .

.“ Carbamate
“ Chloride

. ..”. ” . . . . . . ..- . . . . . . . . . .. CO(OCoH.\NRn
. . . . . . . . . . . . . . . . . . . . . . . . . . . .

“ Hydroxide (Ethyl .AIcohol)... . . . . . . . . .8&~&. . . . . . . . . . . . . . . . . . . . 6.._-
Ethylmorptie Hydrochloride . . . . . . . . . . . . . . . . . . . . . . 46.05. . . . . . . . .. C19H.@SNHC]+ZH.0 ... QO=@fi([ 1,’
Ethyl IW-ite

Anhydrous. . . .&&wOWNHC!l . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
“ Oxide (Ether).

chH5~02 . . . . . . . .

Eucaine (Beta)
. . . . . . . . . . . . . . . . . . . . . . . (GHs)20 . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . .
EucaIyptol (CineOI)

C15H21021NHC1+H2O.. . . . . 301:~ :
. . . . . . . . . . .

Eugenol. . . . . . . . . . . . .. CIoH~eO
!

. . . . . . . . . . . . . . . . . . 154.14:. . . . . . . . . . . . . . . . . . . . . . . . . .
Europium . .

. . . . . . .. CIOEIU02. . . . . . . . . . . . . . . . . .
.......................Eu

164.10 ‘;
. . . . . . . . . . . . . . . . . . . . . . . .

FerricAcelate . . . . . . . . . . . 152.0 3
. . . . . . . . . . . . . . . . . .Fe(C2H20~)s . . . . . . . . . . . . . . 232.91 .q

“ Ammonium Sulphate . . . . . . . . . . . . . . . . .FeLN’H.(SO&+12H@. . . . . . 4S2.21## (’ ‘[ Anhydrong . . . . . .. FelW.(SOq)z . . . . . . . . . . . . . . 266.02
“ Chloride !
66 . . . . . . . . . . . . . . . . . . . . . . . . . . .. Ffi+6H20(d Anhydrous . . . . . . . . . . . . . . 270.32 ~. . . . . . . . . . . . . . . . .
‘1 ‘Hydroxide

Fleck . . . . . . . . . . . . . . . . . . . . 16222 .’
. . . . . . . . . . . . . . . . . . . . . . . . . . .

“ Hypophosphite
Fe(OH)s . . . . . . . . . . . . . . . . . . 4106.86 ,;,. . . . . . . . . . . . . . . . . . . . . .

“ Nitrate
Fe(PH&)s . . . . . . . . . . . . . . . ~.wnl ~

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .Fe(NOs)s . . . . . . . . . . . . . . . . .
“ Oxide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

l.;::. Fea03“ Phosphati (normal, not U.S.P.) . . . . . . .FePOs . . . . . . . . . . . . . . . . . . . . 15
.

~- @p~sphate (normal, not u.s.P.).. .Fq~&~~~ ~~”. ”..

. .. Sulphate (TersuIph~)
T-US Bromide

. . . . . . . . . . . . . . .Fe2(SO+. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .FeBm+6fi0 . . . . . . . . . . . . .,, 4( klhydrous . . . . . . . . . . . . . . . .FeBr2.. Wrhonate . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . .&# Iodide FeCO.3. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . .
16 FeIz

Lactate . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . .

t~ ,,
Anhydrous

WXLiOd2+3mo
.. . . . . . . . . . . . . . . .Fe(C&Oa)z.......;l~;njlII Oxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

d’ FeO. . . . . . . . . . . . . . . . . . . . . .Sulphate . . . . . . . . . . . . . . . . . . . . . . . . .F&0.4+7HZ0, . . . . . . . . . . . .,, 6( Anhydrous. . . . . . . . . . . . . . . .‘, 16 FeSO. . . . . . . . . . . . . . . . . . . . .
Exsiccated (approximk]y) .2FesOq+3H@

dt Sulphide.. . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . .F@ . . . . . . . . . . . . . . . . . . . . . .rerrum. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Fe

~uor~cein( R=orckoIphthdfi) . . ..- . . . . ..cmH~~~.......... '...-...
Fluorine . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .F . . . . . . . . . . . . . .

399.89 j
323.78 ‘.J
215.68 ‘:
115.84 :
309.6s +
9Q7 l-iv ,2

.;.;J..: ..- .-.



242 TEX NATIOYAL FORMULARY

. Assay-Dissolve about 1 Gm. of Soluble Ferric Phoephate, accurately weighed, in
25 ml. of water and 5 ml. of h drochlonc acid in a glaaadoppered tlaek; add 4

TGm. of potaaaiumidlde, securey @topperthe ilaek, and allow the mixture ta stand
15 minuteq; dilute with 50 ad. of water, and titrate the liberated iodine with 0.1 A’
sodium &uoeulfs@, ueing starch T.5. ae the indicator. Perform a blank deter-
mination with the same quantities of the reagents and in the came manner and
make any necesearycorrection. Each ml. of 0.1 IVmdium thiosulfate is equivalent
ta 5.5S.5mg. of Fe.

Packaging and storage-preeerve Soluble Ferric Phosphate m well-closed, light-
reeietant containers.

CATEGoRY-HeInatinic.
usum DOSE-250 mg. (appro.ximate]y 4 grains).

Ferric Subsuifate Solution

FERRIC SUBSULFATE SOLUTIOX
Moneel’sSolution BaaicFerricSulfateSolution

Ferric Subaulfate Solution is a water solution containing, in each
100 ml., basic ferric sulfateequivalent to not less than 20 Gm. and not
more than 22 Gm. of Fe.

FerrouaSalf~te. . . . . . . . . . . . . . . . . . . . . . . ..1W5 Gm.
Sulfuric Acid . . . . . . . . . . . . . . . . . . . . . . . . . 55 ml.
Nitric Aci&
Purified Water, each, a euflicientquantity,

Tomakc . . . . . . . . . . . . . . . . ..1000nd.

Add the sulfuric acid to S00 ml. of purified water in a suitable porce-
lain dish, and heat the mixture nearly to 100°; then add 75 ml. of nitric
acid, and mix well. Divide the ferrous sulfate, coarsely powdered, into
4 approximately equal portiona, and add these portions one at a time
to the hot liquid, stirring after each addition until effervescence ceases.
If, after the ferrous sulfate has disseived, the solution has a black
color, add nitric acid, a few drops at a time, with heating and stirring,
until red fumes cease to be evolved. Boil the solution until it assumes a
red color and is free from nitrate, as indicated by the kst below, main-
taining the volume at about 1000 ml. by the addition of purified water
as needed. Cool, and add enough purified water h make the product
meaeure 1000 ml.; filter, if necessary, until the product is clear.

NOTE: If exposed to low temperatures, tryst allization may take
place in the Solution. The crystais will redissoif-e upon warming the
Solution.

Descriotiori-Ferric Subsulfati Solution is a reddish brown Iinuid. mhwlesa or neariv
so, &ith a eour. st~&giy fitringent taete. Ferric Suheulf~te $o[ution is acid t:
Iitmus, and it is affected by light. Ite specific gravity is about 1.54S.



A. INGREDIENT NAME:

FERRIC SUBSULFATE SOLUTION

B. Chemical Name:

C. Common Name:

Monsel’s Solutio~ Basic Solutioq Iron Hydroxide Sulfate

D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

($’cijhtion) (Uesuhj

Assay 20-22% 21.2%

E. Information about how the ingredient is supplied:
_

Reddish-Brown liquid, almost odorless, sour, strongly astringent taste, tiected by light.

F. Information about recognition of the substance in foreign
pharmacopoeias:

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Spitzer, M. and Chernys, A.E. Monsel’s solution-induced artifact in the uterine cervix. Am
JObstet Gynecol, 1996; 175(5): 1204-1207.

Su, G. B, Clinical experience on efficacy of Monsel’s solution. Chung Hua Wai Ko T~
Chih, 1981: 19(1 1): 685-686.

Mancq D. P. Therapeutic use. Human/Wound Healing. Can Fam Physician, 1997; 43:
1359.

—-.

.



- IL Information about dosage forms used:

Solution

L Information about strength:

20-22mg per 100ml
Undiluted

J. Information about route of administration:

Topically

K Stability data:

L. Formulations:

Oxidizing ferrous sulfate with nitric acid
See file for compounding directions

_-

M. Miscellaneous Information:

.—
.

Page -2-
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CERTIFICATE - OF ANALYSIS ‘ 1

----- ----- ----- ----- ---—

P...OUCT: FERRIC SUBSULFATE SOLUTION (PURIFIED
RELEASE #: 104273 LOT # :B6

SPECIFICATIONS
------------ --

1. DESCRIPTION REDDISH-BROWN L

2. Identification To pass test

3.
0=

Assay (Fe) [gm/100.ml] 20 - 22%

4. Nitrate Negative

5. Ferrous salts Negative

6. Volubility To pass test

ATTENTION: TONY HATCEETT

Date :11/13/97 Prepared

10907

Our Order # 239573-1 Your PO

..——..

I

I

II

I

!

I

11

I,

by

QUID

GRADE: --
CODE:G09-21250/97

IL?3SL?LT
------

CONFORMS

Passes test

21.2%
--~

Negative

Negative

Passes test

v“

.. A. KAS
.-

Approved

I I

JUEABOVETEST RESUtiSHAVE BEENOBTAINED BYOURMANUFACTURE~UPPUER AND/ORINOURQUA~ CONTROLLABORATORY.
EDATAISPROVIDED ATTHEREQUESTOFAND FORTHECONVENIENCE OFTHE:CUSTOMER ANDDOESNOT RELIEVETHECUSTOMER

ITS RESPONSIBIUTYTOVERIFy~.THIS ANALYSIS IS NOTTOBECONSTRUED ASAWARRANTY, HPRESSEDOR IMPUED.
1



QUALITY CONTROL REPORT

6
/+

+(

d
CHEMICAL NAME.: ERRIC SUBSULFAT (MONSEL’S SOLN)

‘)

MANUFACTURE LOT NO. :C63940C26

PHYSICZU TEST

SPECIFICATION TEST STANDARD.:USP /BP /NERCK_/NF_/MART._/CO. SPECS._.——

l)DESCRIPTION .:

(’(

z REDDISH-BROWN LIQUID; ALMOST ODORLESS; SoUR, STRoNGLY ASTRINGENT
< TAsTE; AFFECTED BY LIGHT.

2)SOLUBILITY. :

MISCIBLE WITH

3)MELTING POINT.

WATER AND IN ALCOHOL; ACID TO LITMTLS.

_-——._
4)SPECIFIC GRAVITY. :1.548.

5)IDENTIFICATION .:
A) FERROUS SALTS TEST GIVES NEGATIVE RESULTS.
B)FERRIC SALTS TEST GIVES POSITIVE RESULTS.

PASSES. : E’AI LS .:

COMMENTS.:NOTE - MAY CRYSTALLIZE OR SOLIDIFY AT LOW TEMPERATURES.*L

ANALYST SIGNATURE. : DATE. :

PREPACK TEST. : DATE. : INITIAL. :

RETEST. : DATE. : INITIAL. :



MAI.LINCKRODT BAKER -- FERRIC SU13SULFATE SOLIJT. Page I of 1

_a MALLINCKRODTBAKER -- FERRIC SUBSULFATE SOLUTION - FERRIC SUBSULFATE SOLUTION
MATERIAL SAFETY DATA SHEET
NSN: 6505012078245
Manufacturer’s CAGE: 70829
Part No. Indicator: A
Part Number/Trade Name: FERRIC SUBSULFATE SOLUTION
..==.=..==.==..==.==.==..=.....==....=.....=.=.........===..=======.======.

General Information
..=......=..=..=..=...=..=.==..====.......=..=....=.=..==.=.=============.=
Item Name: FERRIC SUBSULFATE SOLUTION
Company’s Name: MALLINCKRODT BAKER INC.
Company’s Street: 222 RED SCHOOL LANE
Company’s City: PHILLIPSBURG
Company’s State: NJ
Company’s Country: US
Company’s Zip Code: 08865-2219
Company’s Emerg Ph #: 908-859-2151/800-424-9300 (CHEMTREC)
Company’s Info Ph #: 201-859-2151
Record No. For Safety Entry: 001
Tot Safety Entries This Stk#: 001
Status: SE
Date MSDS Prepared: 22AUG95
Safety Data Review Date: 300cT96
Supply Item Manager: KX
MSDS Preparer’s Name: UNKNOWN
MSDS Serial Number: BNVDB
Specification Number: NONE
Spec Type, Grade, Class: NOT APPLICABLE
Hazard Characteristic Code: J6
Unit Of Issue: BT
Unit Of Issue Container Qty: 500 ML
Type Of Container: STD COML PKG
Net Unit Weight: 3.2 LBS

—_A_- ==..=.==.=====.===.=..==.=====.=====.=========.===.=.===============----------——--

Ingredients/Identity Information
=.==.==.==.=======.=.==.==.==.======.=====.==..============================
Proprietary: NO
Ingredient: FERRIC”SUBSULFATE
Ingredient Sequence Number: 01
Percent: 40-45
NIOSH (RTECS) Number: 1004946FS
CAS Number: 1310-45-8
OSHA PEL: NOT ESTABLISHED
ACGIH TLV: NOT ESTABLISHED
Other Recommended Limit: NONE RECOMMENDED
-------------------------------------

Proprietary: NO
Ingredient: SULFURIC ACID (SARA III)
Ingredient Sequence Number: 02
Percent:



:;!?/
,,,4

‘HE PHARMACOP~IA OF THE ‘ . . t.,V$
,;

~olution with potassium or sodium hyd”hte”~
)itate, without evolvino vapor of ammmti. ;$
e solution, diluted wifil 4 volumes of water, bej
Ig It wi~h an excess of po~slum or wd;um hyd
htly acldulated with acetic amd, a portion of .tk
nd for some time, should not give a white, crysfi
lurlrate).

X/$

tion of the acidulated and cooled filtrate a littl
.ed, and the liquid heated to boiling, it should”

t
stalline recipitate. ‘a

A? t o SOlllt.ion he introduced into a Rhu?&

‘~o-i~% fir half an hour at a temperature of ~
d mixed with a few drops of starch ‘x.?., ILsn,
normal sod]um hyposulphite V.S. .tQ d;schaq

rRRI ET AMMONII ACE$j
F IRON AND AMMONIUM AC$TI

$!r AMMONII ACETATIS, PHARM. 18%. ‘
MIXTURE. I

,:,
‘.,.!;

~Ammonium Acetate (which sho~d
:ly, the Diluted Acetic Acid, the T~~
aticElixir, and th~ Glycerti, and)<~
)product measure OnCti~an$ (IY>:f,

,:,>$

shouldbe freshlymade,when w~l

““.:;}h

UOR FERRI NITRAT~$!
4

J710N OF FERRIC NITRATE$J

UNITED STATILS OF AMERICA. .. 233 -

iolution of Ferric Sulphate, one hundre~ and eighty
gramme8. . . . . . . . . . . . . . . . . . . . . . . . .’ . . . . . . . . . . . . . . . ~80Gm. ,

~rnonia Water, one hundred and sixty & centi-g 160 CC. ‘ ‘

gitric Acid, seventy:onegramnw . . . . . . . . . . . . . . . . . . . . . . 71 Gm. :
Distilled Water,
iVater, each, a cu@ient quantity,
r~ To make one thousand gramnwi. . . . 1000 Grn. ‘
c
ffix the Ammonia Water with jive hundred (500) cubic centintders of
d Water, and the Solution of Ferric &dphate with $fleen hundred
00) cubic cdimetem of cold Water. Add the latter solution slowly
ye diluted Ammonia Water, with constant stirring. Let the mix-
~ stand until, the precipitate has subsided as fir as practicable, and
n decant the supernatant liquid. Add to the precipitate w thou-
? (1000) cubic centimeters of cold Water, mix well, and again set the
rtme aside, w before. Repeat the washing with successive portions
&ld Water, in the same manner, until the washings produce but
~ht cloudiness with barium chloride test-solution. Pour the

?d ferric hydrate” on a wet muslin strainer, and let it drain
nghly. Then transfer it to a porcelain capsule, add the Nitric
and stir with a glass ro~ until a clear solution is obtained.

ly, add enough Distilled Water to make the finished product
i’onethwati (1000) gramme++. Filter, if nec~ry.
~t “

..

‘.1’k ckar, ambr~olored or reddkh linnjd. odm.bw hntim~ ~~ ~.;a “&&+:. ‘‘ : :.; -.,

,.

S “cific gravity: about 1.050 at 15° c. (59° F.).
., ...

~e Solution gives a brownish-red recipitatetiti ammonia water,’anda , ~’;j
~eone with potassium femyanide f.s. ,.
~ a cIear crystal of ferrous sulphate be added t.o a cooled mtitu~ of equal ‘“ “:$~”j

k of the Solution and of concentiW sulphunc acid, the crystal will be-” : ‘;, };:”
~ brown and be ~~und~ b a bro~~~l-b]wk Zone-

{
. . ,:,

:1.12 (1. 1176) Gm. of the SO Ution be introduced intn a rdtimstnn-~o~ : ~. ~ ‘~

~

q

; LIQUOR. FE~RI SUBSULPHA’I’Is. . .. ... . .:.’
“ SOLUTION OF FERRjc SUBSU”LPHATE. *,!:

.;”,. ,,
v ‘N OF BASIC FERRIC SULP*TE. MONSEL’S 80LUTION.j ‘-

“:\T
UeouS Solution of Bdsic Ferric Sulphat.e(of v~iable chemical “’ ‘

‘tiOn),corresponding to about 13.6 per cent. of metallic iron. ●

-. ,. ,.. . . . . .. “Ilm





with physiological salt solution and slowly adminis-
tered intravenously.

Dosage Forms—Injection USP: 50 mg/5 ml, 250
mg/25 ml; for Injection USP: 50 mg.

Other Anticoagulant Antagonists

Toloniurn Chloride [Toluidine Blue; Blutene (AMLW]
3-amino-7- (dimethylamino) -2-methylphenazattioniu

~hloride [Ci~HIcClN31. Description and Volubility: A
dark-green powder. 1 Gm dissolves in about 26 ml of water,

–,

yielding a blue to violet so[ution, and in about 175 ml of alco-
hol, yielding a blue solution. Uses: It precipitates heparin.
It is used for the treatment of overdosage of heparin and for
the treatment of certain hemorrhagic states, some of which,
but not all, are associated with elevated blood heparinoid
levels. The organs are stained blue and the urine becomes
pale blue-green. Nausea, vomiting, burning sensation upon
urination, and tenesmus may occur, but they may be avoided
by adequate fluid intake. Dose: Oral, 200 to 300 mg daily
for menorrhagia; intramuscular or slow intravenous, for
heparin overdosage, 100 mg. Veterinary Dose: Oral, Dogs
and Cats, 200 to 300 mg daily.

Hemostatic and $typtics

Many substances not especially related ta the clotting
mechanism are capable of promoting ciotting. Upon
contact with most surfaces, pIatelets disintegrate,
thereby liberating a thromboplastin. Spongy and
gauzy materials, which provide a large surface area, are
thus used to arrest bleedin~ absorbable sponges may
be left permanently at the site of bleeding. Fibrin,
fibrinogen, and thrombin are also potent hemostatic
(see page 829). Astringents (see Chapter 43, page 768)
also initiate clotting by precipitating proteins and by
Iabilizing platelets; ferric salts are mostly employed as
styptics.

Alum—see page 769.

Cellulose, Oxidized—see page 1876.

Estrogens, Conjugated—see page 991.

Ferric Chloride-see page 772.

Fibrinogen-see page 830.

Fibrinogen with Antihemophilic Factor-see page 830.

Absorbable Gelatin Sponge USP

[Gelfaam(Upjohn)]

Absorbable Gelatin Sponge is gelatin in the form of
a sterile, absorbable, water-insoluble sponge.

Description—A light, nearly white, nonelastic, tough,
porous, hydrophilic solid. A 10-mm cube weighing approxi-
mately 9 mg will take up approximately 45 times its weight
of well-agitited oxalatad whole blood. It is stable in dry
heat at 150° for 4 hours.

Volubility—Insoluble in water, but absorbable in body
fluids; completely digested by a solution of pepsin.

Uses—Absorbable Gelatin Sponge is a hemostatic
and coagulant used to control bleeding. It is moistened
with thrombin solution or sterile normal saline and
may then be left in place following the closure of a
surgical incision. It is absorbed in from 4 to 6 weeks.

Human Antihemophilic Factor-see page 830.

Antihemophilic Human Plasma—see page 830.

Protamine Sulfate—see page 836.

Thrombin—see page 831.

Thromboplastin—see page 1376,

Tolonium Chloride—see this page.

Other Hemostatic and Styptics

Carbazochrome Salicylate [Adrenosem (lfassengilt);
Adrestat (Organon) ]—AIs adrenocbrome monosemicarba-
zone [3-hydroxy-l-methyi-5,6-indolinedione-5-semicarba-
zone ] sodium salicylate complex [C,tiH!:N~03. CIHsNaO~ I
occurring as a fine, orange-red, odorless powder with a sweet-
ish saline taste. It is soluble in both alcohol and water. A
13% aqueoussolutionhas a pH range of 6.7-7.3. Uses:
Proposed for the systemic control of capillary bleeding of
various types. Its clinical usefulness for this purposeissci-
entificallyunjustified.Dose: Oral, 1 to 5 mg 4 times daily;
intramuscular, 5 mg every 2 to 4 hours.

Ferric Subsulfate [approx. FeiO(SOJ 5.HzOl—Used and
prepared only as a solution. Ferric Subsul ution
was official in NF XI. It is prepared by . . “~% L

fa = Clb The solution contains 20-22 m

=:iL?$h2:Yz:l?;:?’TF?:J
portant styptic solution. The solution is less irritating than
ferric sulfate because of the lesser amount of sulfuric acid
present. It is occasionally used to control surface bleeding T
and as an astringent in a variety of skin disordera.
should not be used in vesicular, bulbous, or exudative
dermatoses, because it may then cause permanent pig-
mentation of the skin.

Fibrin Foam Human—A dry artificial sponge of human
fibrin, prepared by clotting with thrombin a foam of a solu-
tion of human fibrinogen. The clotted foam is dried from

the frozen state and heated at 1300 for 3 hours to sterilize.
It appears as a fine, white sponge of firm texture. It is in-
soluble in water. Uses: A mechanical coagulant of blood
in case of hemorrhage, especially in surgery of the brain,
liver, kidneys, and other organs where ordinary methods of
hemostasis are ineffective ox inadvisable. This preparation
is used by impregnating it with a freshly prepared solution
of thrombin in normal saline solution and then applying the
foam to the bleeding area. In time, the foam is absorbed.

Electrolytes

The concentration of several of the electrolytes in the in the extracekk fluid (of which plasma is one com-
pkma is critical for the proper functioning of the cells, partment) but also upon the intracellular concentration,
especiaUY those of the excitable tissues. For the normal the ratio across the ceil membrane being an essential
Plasma concentration of the principal electrolytes, sss factor, and upon the ratio of one ion type to another.
Page 815. The proper balance of the several ions is Thus, the plasma electrolyte concentrations provide
~mplex; it depends not alone upon the concentration only a crude clue to the electrolyte status of the patient.



NATIONAL FORMULA~

J
finnbas beenexposedtodaylightfor~
#iln$ /ieldea greenishorbl~h colori
jo-.a ferricyanideT.S. (prewmce Of:u
“mom Solt).

Nitrate-Dilute 4 ml. of Ferric chloride!;
ure with 10 ml. of water, heat the .dutio]
)oiling and pour it into a mixture of 10 x
vater and 10 ml. of ammonia T.S. Fiiter.
ni..ture while hot, and wash the filter with
vater until the total filtrate meamres <.,
Wixthe filtrate well and to 5 ml. add 2 drop
ndigo carmine T.S. Mix this solution wi
rd. of sulfuric acid: the blue color does notz
~ppear within 1 minute. ‘f

Assay-Transfer 5 ml. of Ferric Chloride T
;ure, accuratel measured, to a flask of au

$:apacity. Ad about 20 ml. of water, 3 G
>oteaeium iodide, and 3 ml. of h@ochloric a
Wow tbe solution to stand durm 15 minu

$iilute it with 100 ml. of water, an then titi
rith 0.1 N sodium thioeulfate, using starch.!
B the indicatm. Each ml. of 0.1 N SOdimnt
w.lfate is equivalent to 16.22 mg. of FeCL:

Alcohol content, page 404—Ferric L%.
Ilncture contains from 58 to 64 per ceni
O,H,OH. !3

Packaging and storage—Preserve Ferric C
-ide Tincture in tight, ligh&resistant conti
md avoid exposure to direct sunlight or tcj!
)ive heat. ,)

CmmXnzY—Astringent; hematinic. ~
USWALDOSE-O.6 mL 5

FerricCitrochlorideTincture

F ‘- Citrochlonde Tincture is a li~
31CC solution containing, in each 10(
~erric cltrocldonde equivalent to not l~j
1.48 Gm. of Fe. .{

Ferric Chloride Solution.. . . . . . . . . . 350;
Sodium Citrate . . . . . . . . . . . . . . . . . . .
Alcohol. . . . . . . . . . . . . . . . . . . . . . . . . . ‘.?
Water, a sufficient quantity,

Tomakeabout . . . . . . . . . ..#.. . &
:,

MK the ferric chloride solution with 1$
of water, dissolve the sodium citrate ii
mixture with the aid of gentle heat, anl
the alcohol. When the solution has ~~
told, add sufficient water to mtike the pm
measure 1000 ml. Set the Ferric Citroch16
Tincture aside in a cold place for a few;”-
so that the excess of saline matter may”
rate, and then filter. ,1

Assay-Transfer 5 ml. of Ferric Citroch~
Tincture, accurately measured, into m la
flask, add 7 ml. of hydrochloric acid and 25
~f water, and heat on a water bath until C]
Cool to room temperature and add about ~“
?f water and 3 Gm. of potassium iodide, and.?
the mixture to stand for 15 minutes. Then 1
thestopper and the sides of the fhwk wit!

@

~w~oNAL FORMULARY Xl Ferriel 43

~ -J,;t;onnl 50 ml. of water and titrate the liber-

~~ thiosulfateisequivalentto5.585 mg. cf

“Fe.
Mcohol content, page 404—Ferric Citrochlc-

~ fide ~~gcture contains from 13 to 15 per cent of
GH,OH.

packaging and stprage—Pryerve Ferric Citro-
~ ~loride TmctWe m tught, hght-rewstaqt con-

[

~ers and avoid exposure to dmect sunhght or
~ excegslveheat.

C*l.EcoRY-Hematinic.
‘ USUAL nOSE--o.s ml.

me usual doee ~ep~eaents about 22 mg. of iron
in the form of fermc cltrochloride.

I
“. Ferric Phosphate with Sodium Citrate~ ,,
,4;

! Soluble Ferric Phosphate is ferric phosphate
. rmdered soluble by the presence of sodium
citrati, and yields not leas than 12 per cent

“and not more than 15 per cent of Fe.
~,
‘ Description-Soluble Ferric Phosphate occurs

~“~ thin, brightgreen,transparentscales,or as
grsrmles.Itiswithoutodor, and has an acid,

ght$ salty taste. Soluble Ferric Phosphate is
.e m dry air when protected from light, but
n unprotected, soon becomes discolored. A

~colutionofSoluble Ferric Phosphate (1 in 10) is
~scid to litmus.

8oIubility-Scduble Ferric Phosphate dissolves
~~ly in water.

i

It is insoluble in alcohol.
.,~~Identi6cation—

A: To 10 ml. of a solution of Soluble Ferric
@oephate (1 in 100) add ammonia T.S., drop-
~~: the solution becomes reddish brown, but no

Ih
prsci itate forma.?, : Remove the iron from 10 ml. of a solu-
“on of Soluble Ferric Phos hate (1 in 10) by

rding it with an excess o sodium hydroxide
T.S.; tilterj and strongly acidify the filtrate with

ydrochlonc acid: a cooled portion of this
@d mixed with an equal volume of magnesia

~tire ‘T.S. and treated with a slight excess of
Urunonia T.S. produces an abundant, white,

~ ~nlhnins~-ip~i~ ~T:is~p;it~ :;ft~

treated with a’ few drops of silve~nitrate T.S.
(didinctiork from pyopho8phate).

,‘ Ammonium salts-Boil about 100 mg. of
!bluble Ferric Phoephate with 5 ml. of sodium

@roxide T. S.: a reddish brown precipitate

~~yad-Diswlve I Gm. of Soluble Ferric Phoe-
without the evolution of ammonia.

@stein 3 ml, of Ditfic acid (1 in 2) in a lw~.
?ohrnetric flask. Add sufficient water to make

~ 1~ ml.,and mix well. A lo-ml. portion of this
*lution contains no more than 5 mcg. of lead
(~~ponding to not more than 50 parts per

~;. ~i]lion) when treated according to the Leud
%it Test, page 414,using10ml.ofammonium
*te solution,3ml.ofpotassiumcyanidesolu-

tion,and1ml.ofhydroxylaminehydrochloride
solution.
Assay—Dissolveabout1Gm. of Soluble Ferric

Phosphate, accurately weighed, in 25 ml. of water
and 5 ml. of hydrochloric acid in a gktse-stoppered
flask; add 4 Gm. of potassium iodide, securely
stopper the flask, and allow the mixture to stand
15 minutes; dilute with 50 ml. of water, and
titrate the libemted iodine with 0.1 N sodium
thiosuifate, using starch T.S. as the indicator.
Perform a blank determination with the same
quantities of the same reagents and in the same
manner and make any necessary correction.
Each rnf. of 0.1 N sodium thiosulfate is equivalent
to 5.585 mg. of Fe.

Packaging and storage—Preserve Soluble
Ferric Phosphate in well-closed, light-resistant
containers.

CATEGORY—HematiniC.
USUALDOSE—250mg.

FERRICSUBSULFATESOLUTION
Monsel’s Solution; Basic Ferric Sulfate Solution

Ferric Subsulfate Solution is a water solu-
tion containing, in each 100 ml., basic ferric
sulfate equivalent to not less than 20 Gm. and
not more than 22 Gm. of Fe.

Nom: If exposed to low temperatures,
crystallization may take place in the Solution.
The crystals will redissolve upon warming the
Solution.

Descnption—Fernc Subsulfate Solution is ~
reddish brown liquid, odorless or ,nearly so, with a
sour, strongly astringent taste. Ferric Subsul-
fate Solution is acid to fitmue, and it is affected
by light. Its s ecific gravity is about 1.548.

1?Volubility— ernc Subsulfate Solution is mis-
cible with water and with alcohol.

Identification-Separate portions of a dilution
of Ferric Subeulfate Solution (1 in 20) yield a
brownish red precipitate with ammonia T. S., a
blue precipitate with potassium ferroc snide

{T.S., and a white recipitate, insoluble in ydro-
Echloric acid, with arium chloride T.S.

Nitrate-Add a clear crystal of ferrous sulf:~te
h a cooled mixture of equal volumes of sulfuric
acid and a dilution of Ferric Subsulfate Solution
(1 in 10): the crystal does not become brown, nor
does a brownish black color develop around it.

Ferrous salts-Add a few drops of freshly pre-
pared potassium ferncyanide T.S. to 2 ml. of a
dilution of Ferric Subsulfate Solution (1 in 20):
a brown color is produced and the solution re-
mains free from even a transient green or greenish
blue rolor.

Assay-Dilute about 10 ml. of Ferric Subsul-
fate Solution, accurately measured, to exactly
100 ml. with water. Transfer 10 ml. of the dilu-
tion to a stoppered flask; add 5 ml. of hydro-
chloric acid and 3 Gm. of potassium iodide.
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Stopper the flask, and allow the mixture to stand
for 15 minutes; then dilute with 50 ml. of water,
and titrate the liberated iodine with 0.1 IVsodium
thiosulfate, usin starch T.S. as the indicator.

FEach rnI. of 0.1 i sodium thiosulfate is equiva-
lent to 5.585 mg. of Fe.

Packaging and storage-Preserve Ferric Sub-
aulfate Solution in tight, ligh&resistant con-
tainers, and in a moderately warm place (not
under 220).
cATEQoRY—Aatnngent.

un~lu~~rvwlc—UseFerricSubsulfateSolution
.

FERROUSCARBONATEPILLS
Chalybeate Pills

BIaud’s Pills
Ferruginoua Pills

Each Pill contains not less than 60 mg. of
FeCOS.

Ferrous Sulfate, in clear crystals... . 16 Gm.
Potassium Carbonate . . . . . . . . . . . . . . 9.5 Gm.
Sucrose, finely powdered . . . . . . . . . . . 4 Gm.
Tragacanth, finely powdered . . . . . . . . 1 Gm.
Althea, in very fine powder . . . . . . . . . 1 Gm.
Glycerin,
purified Water, each, a sufficient

quantity,
To make 100 pills.

Tritumte the potassium carbonate in a
mortar with a sticient quantity (about 5
drops) of glycerin, add the ferrous sulfate and
sucrose, previously triturated together to a
uniform, fine powder, and mix the mass thor-
oughly until it aw.unes a greenish color.
When the reaction is complete, incorpomte the
tragacanth and althea, and add purified water,
if necessary, to obtain a mass of pilular con-
sistency. Divide it into 100 pills.

Assay-carefully pulverize 5 Ferrous Car-
bonate Pills in a mortar! and triturate with 20
ml. of diluted sulfuric acid until all carbonate is
dissolved. Transfer completely the contents of
the mortar to a beaker of about NM-ml. capacity,
and add water h bring the total volume to ap-

proximately 300 ml. Add orthophenanthroline
k.S., and titrate immediately with 0.1 N eerie
sulfate, avoiding excessive stirring. Near the
end of the titration tilt the beaker at an angle of
45° to facilitate the detection of the end point.
Each rrd. of 0.1 N eerie sulfate is equivalent to
11.59 mg. of FeCOa.

Packaging and storage—Preserve Ferrous Car-
bonate Pills in well-closed containers.

cATEGoRY—Hematinic.
USUALDOSE—5pills.

INATIONAL FORMULAR

FERROUSIODIDESYRUP -

!
Ferrous Iodide Syrup contains, in each

ml., not less than 6.5 Gm. and not more t“
7.5 Gm. of FeI*, representing approximate
per cent of FeI*, by weight. .,. ,

Ferrous Iodide Syrup may be prepa
follows: JU ,

Iron, in the form of fine, bright wire. 20’
Iodine . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 G
Hypophosphorous Acid. . . . . . . . . . . . “
Sucrose . . . . . . . . . . . . . . . . . . . . . . . . . , 85: cm
PuriOed Water, a sufficient Quantity, i

Tomake . . . . . . . . . . . . . .. . . . . . . . _

!!lNOTE: For the purpose of retarding “
coloration, 1.3 Gm. of citric acid may reDl

the hypophosphoroua acid in the above fo-
mula.

Place the iron in a flask having a capaci~
about 500 ml., add the iodine and 200 ml
purified -water, and shake the mixture OCC=L
ally, checking the reaction, if necessary’
placing the flask in cold water. When.:
liquid has acquired a green color and has
the odor of iodine, heat it to boiling, and
solve 100 Gm. of sucrose in the hot Iiq
Filter the solution at once into a flask ‘~
ated to 1000 ml. and containing the remain
of the sucrose, and rinse the flask contaf
the iron with 240 ml. of hot purified wa
divided portions, paasing the rinsings ~~
sively through the filter. Agitate the
until the sucrose is dissolved, warmin’
necessary, cool to 25”, and add the hypop
phorous acid and enough purified wate’
make the product measure 1000 ml. ~.
and strain. ‘}

.11
Deeaiption-Ferrous Iodide Syrup ia a

{
arent, pale, yellowish green, syrupy li
aving a sweet, ferruginoua taste and a dig

acid reaction. Its specific gravity ia about,
Identification—

A: Add a few dropa of
cyanide T.5. to 5 ml. of Ferrous
blue reclpltate forma.

~: Mix 5 ml. of Ferrous Iodide Syrup’,
a few dro s of starch T. S., and add 3 dro
chlorine $S.: the liquid acquires a deep
color.

Free iodine—To about 5 ml. of Ferrous I
Syrup add a few drops of starch T. S.: no .
color is produced.

Assay-Place exactly 10 ml. of Ferrous I‘
Syrup in a flask, dilute it with 30 ml. of w
add 50.0 ml. of 0.1 N silver nitrate, and 5
nitric acid, and heat on a water bath until
precipitate of silver iodide is greenish yell
Cool, add 2 ml. of ferric ammonium sulfate T
and determine the residual silver nitrate by ti
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‘:. .$$,PUS Tartrate (5065-h)

~~..$?oti Tam.

&
“i; ,&~4Fe06,2’,,H20 = 249.0.

&&,~,-2944-b5-2 (anhydrous f%rmus tartrote)

#

~ ‘ ‘~~ous tartrate is employed for iron-deficiency
> ‘%”$A,,acmta. It is given by mouth in doses of up IO I g

< *!Y (equivalerwto up to 224 mg of iron daily).

Folic Acid WMI
Foiic acid is a member of the vitamin B group
which is essential for DNA synthesis and some
aminwacid conversions and is involved in formate
metabolism. Deficiencymay result in megaloblast-
ic anaemia. It is given by mouth for folate deficien-
cy states, and also has a role in the prevention of
neural tube defects. Mshould not be given for un-
diagnosedmegaloblastic anaernia that maybe due
to vitamin B12deficiency,sinceit may mask contin-
uing neurological degeneration.

FohcAcid (MN, rfNN).
Ac,dum Folicurn FotacircFohnsy?w PGA Pteroylglutamic
Acd, Pteroyfmonoglmamic Acid. N-[4-(2-Amino-4-hydmx-
ypteiidm-6-ylnWfryfamino)benzofi-L(+)-giucamic acid.
c,9H,9N70~ = 441.4.

CM — 59-30-3 (folic ocid); 6484 -89-5 (sodium folace).

ptwnracopoems. In km, Mg., fk., Chin., G., Ear., Fr., c%.,
Hung., Int, h,]pn, Nerh., Rw?-, Swrss, and US.
The standads of Ph.Eur.apply to those countries that are par-
riescothe Convention on the Elaborauon of a European Phar-
macopoeia. see p.xiii.

A yellow 10 orange brown, odourfess or almosl odourless
crystalline powder.

BP aohstritities are: prscticatly insoluble in water and most
organic solvents. USP solubiiities are very slightty soluble in
watec insoluble in afcohol. acetone, chloroform, and ether. II
readily dissolves in dilute solutions of alkali hydroxides and
carbonates; soluble in hydrochloric acid and sulphuric acid.
The USP injectionhasa pH of 8 to II, PsWect from light.

Stabifity insolution. A reviewof ~e compatibility and sra-
bibtjof componema of local parentersl nurrition solutions
when mixed in 1-m 3-litre flexible containers. 1Folic acid has
been reported to prezipirme in some proprietary amino acid
solutions and in the presence of high ConCentrStiOnSof caSci-
unr ions,brn i! appearsto bc stableand remain in solution
provided the pH remains above 5. ‘flrere have also been re-
ports of folic acid being absocbed by the polyvinyl chloride
comainer and administmtion seq however other studies have
not substantiated such observations.
1 Allwood MC. Compmibdily and stabilny of TPN mlxumcs in

h]: b~ss. J C/in HOW Pharm !9S4: 9 t S I -9a

Adverse Effects
FoIic acid is generally well tolerated. Gastro-intesti-
nal disturbances may occur.Hypersensitivityreac-
tions have been reported rarely.

Precautions
Folic acid should never be given alone or in con-
junction with inadequate amounts of vitamin B,Zfor
the treatment of undiagnosed megaloblastic anae-
mia. since folic acid may produce a haematopoietic
response in patients with a megaloblm[ic anaemia
due to vitamin Bt2 deficiency without preventing
aggravation of neurological symptoms. This mask-

ing of (he t~e deficiency state can lead to serious

neurological damage, such as subacute combined
degeneration of the cord.

Caution is advised in patients who may have folate-
dependenr tumours.

Interactions.Folatc sratus may hc affected by a numbwr of

drags and anliconvuisams, oral contraceptives. antituberctc-
Ious drugs. alcohol. and folic acid antagonists including ami-
nopremc. methotrexate. pyrimethamine, trimelhoptim. and
sulphcmamides have all been said to produce folate deficiency
srates.1The authors of this review discuss possible mecha-

nisms resparsihie for the folate deficiency and assess the clin.
ical significance concluding that in some instances, such as
durcng methmrexate or anticonvulsant therapy. replacement
therapy with fcrlic acid may become necessary in order 10pre-
wm megalohlastic anaemia developing.

Anl]convulw(-asmialed folale deficiency is discussed fur-
ther under phenycoin, p.381.

I Umbw DG. JohnsonRH. Orugs and folate me[aboltsm. Dm,cs
19ss..30:145–55

Pharmacokinetics
Folic acid is rapidly absorbed from normal diets,
mainly from the proximal pan of the small intestine.
and is distributed in body tissues. The principal stor-
age site is the ]ive~ it is also actively concentrated in

the cerebrospinal fluid. Dietary folates are stated to

naturally occurring folate polyghttarnates are Iarge-
ly deconjugated and reduced prior to absorption but
once absorbed, folic acid is reconverted via dihydro-
folate to tetrahydrofolate and conjugated within the
cells to form active polyglutamates. R is the 5-meth-
yltetrabydrofolate which appears in the portal circu-
lation, where it is extensively bound to plasma
proteins.
There is an enterohepatic circulation for folate;
about 4 to 5 pg is excreted in the urine daily. Admin-
istration of larger doses of folic acid leads to propor-
tionately more of the vitamin being excreted in the
urine. Folate is distributed into breast milk.

Human Requirements
Body storesof folate in healthy persons have been
reported as being between 5 to 10 mg, but may be
much higher. About 150 to 200 Vg of folate a day is

considered a suitable average intake for all healthy
persons except women of child-bearing potential
and pregnant women who require additional folic
acid to protect against neural tube defects in their
offspring (see bdow). Folate is present,chiefly com-
bined with several L(+) -@tUttt31C acid moieties, in
many foods, particularly liver, kidney, yeast, nuts,
and leafy green vegetables. The vitamin is readily
oxidised to unavailable forms and is easily de-
stroyed during cooking.

In UseUnited Kingdom dietary reference vatues (see p. 1352)
have been published for folate! and in the United States rec-
ommended dsily allowances have been set.z Differing
arnomus are recommended for infants and children of varying
ages, for adult males and females, and for pregnant and lacral-
ing women. The special folate requirements to protect against
neural tube defects are discussed below. In the UKtherefer-
ence nutrient intake (RNI) for adult males and females is
2C0 pg daily and the estimated average requirement (EAR) is
150 pg daily. In the USA the stlowances publisbed have at so
recognised that diets containing lower amounts of folate
maintain an adequate status and thus the allowance has been
set at 2CKJug for adult males and 180 Kg for adult females.

Folate requirements are increased during pregnancy. appar-
ently due to increased metabolic breakdown of folme rather
thatr foefal erarrsfec3 so RN1 of 3(KIpg daily has been suggesr.
ed for pregnant women in the UK and an Rf3A of 4@3pg daily
in the USA. However, McPartlin and colleagues have sug-
gesmd from a swrdyin 6 pregnant women that these figares
are too 10UI,and that intakes of abow 45010 650 Kg daily
might be more appropriate.~ Interestingly, in the light of rc-
cem confirmation of the value of folate in preventing neural
tube de fccta, it is now recommended that women planning a
pregnancy receive a total daily retake of about 600 Kg daily.
before conception and during the first trimester, which would
go some way towards supplying this increased amount.

A numbs of authorities in the UK and USA have advocated
folic acid supplementation of bread or flour to increase the
retake in women of childbearing age.4”7 However. there re-
mains some debate over the appropriateness of such action.
and tie risks of masking underl ying vitamin B Iz de ficienc~.g’q
1. DoH. D1etmy reference values for fcod energy and nutrients for

the Unimd Kingdom: repofl of the panel on d,etary reference
values of tic committee on medical aspect< of food PObCY. J@

pon on health and social ruhjcc!.r 41 London HMSO. 1991

2. Subcomminm on the len!h edilicmof the RDAs,Food and Nu-
tmion Board. Commmsion on Life Sctences. National Research
Council. Recommended diemry oliowances 10th ed. Washmg-

lon, DC: Na!ional Academy Press, 19S9.

3 McPardin J, er al. Accelerated folate breakdown in prq?nanc).
LLVICCV1993; 341: 148-9.

4. DoH. Fo/ic acid md the prewmon ofntwral rubc d< fecrs re -
PCWI fmm an expen advise? group London- Depanmen(Of
Health. 1992.

5. Committeeon Genetics of the American Academy of Pedla~-
ncs.Fohc acid for tbe prevention of neural mbe defects. Prdi.
arric.< 1993:92:4934

6. Schorah CJ. Wdd 1. Forrified foods and folatc mtakc m women
of child-bearins age Lzmcer 1993:341:1417.

7. Sutcliffe M. et al. Prevcnuon of neural tube defectstinrt’1
1994:.W: !57s.

S. Honon R. F,ghtmg about folate. Lmcer 1994, 344:1696.

9 Wald NJ, Bower C. Folic acid. pemic>ous anaemm. and Pre~en-
l,on of neural tube defects. CiJncer 1994, 3-43:337

Uses and Administration
FoIic acid is a member of the vitamin B group. Foli
acid is reduced in the body to tetrahydrofolatc
which is a coenzyme for various metabolic process
es includlng the synthesis of purine and pyrimidin
nucleotides. and hence in the synthesis of DNA; it i
also involved in some amino-acid conversions, anless well absorbed than crystalline folic acid. The

sYMfrcIlt denotes a preparmion no longer actively
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Monsel’s solution-induced artifact in the uterine cervix.

Spitzer M; Chernys AE

Department of Obstetrics and Gynecology, Queens Hospital Center,
Jamaica, NY 11432, USA.

Am J Obstet Gynecol 1996 Nov; 175(5):1204-7

97097948

We documented and quantified Monsel’s tmlution-related artifacts after
cervical biopsies. All loop electrosurgical cone biopsy specimens over a
3-month period were reviewed for necrosis artifact of the surface
epithelium~

$
and correlated with the

. antecedent use o~ ? “on. Twenty-four cone biopsy specimens
were evaluated. Three of the eight cone biopsy specimens obtained fewer
than 10 days after the use of Monsel’s solution showed definite changes.
Between 10 and 18 days after the use of Monsel’s solution, four of eight
specimens showed change. After 18 days, none of eight specimens showed
change. One specimen at 18 days showed focal changes that seemed to be
related to the use of an unusually large amount of Monsel’s solution,
because the patient had had six biopsies within 2 days. The routine use of
Monsel’s solu~ magi~with the ability to recognized——— —— —-—
characterize disease Rrocess in cone “

~~.
i ens when the cone

fic~within 3 .~eeks after the use of Monsel s so ut]on.
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PracticeTlps

Stopping cervical bleeding

Indicdona

This techniquecan be used for controllingcervical
hkfing from a biops.ied site. occasionally, womrm
presenttome with bleeding after cervical biopsy or

laser trwtment for abnormal Pap smears+%%vn they
cJupresent, bleeding is usually minimal and se[tlcs
with watchful waiting, Occtisionally a low-gradt: inkc-

tion requires antibiotictreaunent.Ontwoncrash-ms in
my practice, bleeding was excessive and persistent

after cervical biopsy or laser or looP excision,
Examination of the cervix revcalccl an oozing injured
site. I was able to stop the bleeding by applying
Monsel’ssolution (20%(erric subsulfate) to the cervix,

l%is methodiscontraindicatedwhen bleeding is

from inside the os cervix or when exccssiv~ hemorr-

haging requiresfurther intervention.

Procedure
With ringed forceps and gwzu, dab the cervix to iden-

tify the siteof bleedirw.Then, using ringed forceps
with 2x2 gauze $ouked in Monsel’s solution, apply [he
solution directiy to the bleeding site.

Discussion
The women I treated were discharged with no further

complicationsorcomplaints.
Upon reviewing IIIClileramre, 1 found thal

Monsel’s solution is often used in gynecologic oncolo.
gy for bleeding from cervical and vaginal biopsiw
(lne report’ described a brownish vaginal discharge
that appeared several days after the application O(
Mon.sel’s when a vaginal pack soaked in Monsd’s had
been used. Monsel’s sohltion is recommended over
sutures after cold-knife conixation in studies cwnpar-
ing these UWJIIIclh(Jds0( hemosLasi6.2J’MonW1’ssohJ-
tion also has been used in t:xaminin~ the vagin;l fnr
papilloma virus and neopkia!

I could find no information in the literature on

adverse effects for ftuurc l’JIp smears, Necrosis arti.
fac~could appear ii cwviual biopsy is performed with-

in 3 weeksafter tq)plication O( Monsl”l’s solution. ”

Monsel’s sAJtion appears to Ix* a safe melhod for con.
trolling cervical bltwding in this situation. Be awarr

tha! biopsies done wi[hin 3 wt’vks of using Monsol’s
solu[ion csm ~haw artifwqs, *

References
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IMERCAPTO-1-PROPANESULF ONIC (DMPQ

B. Chemical Name:

DL-2, 3-Dimercapto-l-Propanesulfonic

C. Common Name:

DMPS, Unithiol, Dimaval, Mercuval

D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

@imit-MinMzkj @esults)
Assay: (Iodometric) 95% 98.2%

E. Information about how the ingredient is supplied:

Fine, white, crystalline powder, odorless

F. Information about recognition of the substance in foreign
pharmacopoeias:

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Aposhi~ H.V. DMSA and DMPS– water soluble antidotes for heavy metal poisoning.
Annual Review of Pharmacology and Toxicology, 1983; 23:193-215,

@oshiaq H. V., Maiorino, R. M., and Gonzalez-Ramirez, D. Mobilization of heavy
metals by newer,therapeutically usefil chelating agents. Toxicology 1995; 97(1 -3): 23-

28.

Chisol~ J. J. BAL, EDT& DMS& and DMPS in the treatment of lead poisoning in
children. Clinical Toxicolo~, 1992; 30(4): 493-504.
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Torrs-Alanis, O., Garza-Ocanas, L., and Pineyro-Lope~ A. Evaluation of Urinary
Mercury Excretion Atler Administration of 2,3-Dimercapto- l-propane Sulfonic Acid to
Occupationally Exposed Men. Cinica/ Toxicology, 1995; 33(6):717-720.

Aposhi~ H. V., Maiorino, R. M., and River% , M. Human Studies with the Chelating
Agents, DMPS and DMSA. Clinical Toxicology, 1992; 30(4): 505-528.

Clarksoq T. W., rnagos, L., and Co% C. Tests of Efficacy of Antidotes for Removl of
Methylrnercwy in Human Poisoning during the Iraq Outbreak. 7he Journal of
Pharmacology and Experimental ?%eraputics. 1981; 218:74-83.

Reynolds, J. E. MwtinaWe -i% extra Pharmacopoeia(31’ cd.). Londo~ UK: the Royal
Pharmaceutical Society. 1996.997.

Chisol~ J. J. and Thomas D. J. Use of 2,3-dirnercaptopropane- l-Sulfonate in Treatment
of Lead Poisoning inChildren. The Journal of pharmacology andl.hperimental
therapeutics, 1985; 235(3): 665-669.

Maiorino, R. M., Gonzalez-Ramirez, D., and Zuniga-Charles, M. Sodium 2,3-
Dimercaptopropane-l -Sulfonate Challenge Test for Mercury in Humans. III. Urinary
Mercu~ after Exposure to Mercurous Chloride. 7he Journal of Pharmacology and
Experimental therapeutics, 1996; 277(2): 938-944.

Moore, D. F., O’Callaghan, C. A., and Berlyne, G. Acute arsenic poisoning: absence of
polyneuropathy after treatment with 2, 3-dimercaptopropanesulphonate (DMPS).
Journal of Neurolo~, Neurosurgery, and Psychiatry, 1994; 57:1133-1135.

Hurlbut, K. M., Maiorino, R. M., and MayerSo@ M. Determination and Metabolism of
Dithiol Chelating Agents XVI: Pharmacokinetics of 2,3-Dimercapto-l -Propanesulfonate
ater Intravenous Administration to Human Volunteers. The Journal of Pharmacology
and Experimental i%era~utics. 1994; 268(2): 662-668.

Maiorino, R. M., Xu, Z., and Aposhia~ H. V. Determination and Metabolism of Dithiol
Chelating Agents. XVII, In Humans, Sodium 2,3-Dimercapto-l -Propanesulfonate is
Bound to Plasma Albumin Vla Mixed Disulfide Formation and is Found in the Urine as
Cyclic Polymeric Disulfides. The Journal of Pharmacolo~ and fiperimental
Therapeutics, 1996: 277(l): 375-384.

AposhiaL H. V., MershoL M. M., and Brinkley, F. B. Anti-lewisite activity anx stability
of meso-dlmercaptosuccinic acid and 2,3-dlmercapto- 1-propanesulfonic acid. Lz~e
Sciences, 1982; 31(19): 2149-2156.
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Iriformation about dosage forms used:

Capsules

Information about strength:

200-400mg

Information about route of administration:

Orally

Stability data:

Melts at about 230-235°
Stable

Formulations:

M. Miscellaneous Information:
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PRODUCT: DL-2,3-DIMERC,4 PT0-1-PROPANESULFONIC ACID SOD -

CATALOG NO: Y-Yllo ‘“
LOT NO: NAQ487

CUSTOMER NO: PRO055

DESCRIPTION

ASSAY (IODOMETRIC)

LIMIT
MIN. MAX.

95 ?’0 -

RESULT

98.2 “L D

——

‘a

,,’

/

d

/
,,

APPROVED BY:
+@&& .

+}
/ LiLiAN D. CASABAR

/’

_. ...=~._. . .
.-..- -,>—.

*. ___ ... ...—---- .:.: .——. . -— . . . ..-
—- - ------- .—. -., ---- -. —-

—

. -...-— .. _&&.-_, :_ . .... -
——_--. a-.a-= .+-A. ..=* - . .-a,— -.. ---- —-.:---.~:—

.-.. - .. . . —-. ..... .. . .--— . -. .
. ._- —- —.::.:;-----

—---- .- —-:-5<.—- .- . . -—---- .-s-_ . . . ,..,.. ~.. .._._.. -—...- - . — .- - . . - ..—”----- .— —.-— ..—.—,.,. ~”... -— —-’-----



g%.
QUALITY CONTROL REPORT

/4’CHEMICAL NAME. :DIMERCAPTO- 1- PRO PANESULFONIC
4

MANUFACTURE LOT NO. :NA0487

PHYSICAL TEST

SPECIFICATION TEST STANDARD.:USP_/BP_/NERCK_/NF_/~T ._/CO.SPECS ._.

l)DESCRIPTION .:

f
FINE, WHITE, CRYSTALLINE POWDER; ODORLESS.

2)SOLUBILITY .:

FREELY SOLUBLE IN WATER; SLIGHTLY SOLUBLE IN ALCOHOL AND

3)MELTING POINT.:
MELTS AT ABOUT 230-235 DEGREE.

T
A

4)SPECIFIC GRAVITY. :

5)IDENTIFICATION .:
A)COMPLIES IR SPECTRUM AS PER COMPANY SPECS.

PASSES. :

COMMENTS. :FULL NAME.: DIMERCAPTO-1-PROPANESULFONIC

ANALYST SIGNATURE. :

FAILS .

IN METHANOL.

ACID SODIUM SALT 2,3.

DATE .:

PREPACK TEST.: DATE .: INITIAL. :

RETEST. : DATE. : INITIAL. :
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MATERIAL SAFETY DATA SHEET

D1-2J-Dimercapto-l-Propanesulfonic Acid, Sodium Salt, Monohydrate 95%
02225

**** SECTION 1 - C1~MICM. PRODUCT AND COMPANY IDENTIFICATION ****

MSDS Name: D1-2,3-Dirnercapto-1-Propanesulfonic Acid, Sodium Salt. Monohy.drrde
(3

Synonyms:
IMPS

-- Company Identification: Acres Organics N.V.
One Reagent Lane
Fairlawn, NJ 07410

For information in North America, call: 800-ACROS-01
For emergencies in’the US, call CHEMTREC: 800-424-9300
For emergencies in the US, call CHEMTREC: 800-424-9300

**** sEcT1oN 2 - cOMpc)slT1oN, INFoPMATION ON INGREDIENTS ****

+----------------+--------------------------------------+----------+-----------+
I CAS# 1 Chemical Name 1% I EINECS# I

l---------------- l -------------------------------------- 1---;;;--- -1-----------1
4076-02-2 lDI-2r3-Dimercapto-l-Propanesulfonic Acl I 223-796-3 I

I lid, Sodium Salt Monohydrate I I I
+----------------+--------------------------------------+----------+-----------+

**** sEcTIoN 3 - HAzARDslDE~IFIcATIoN ****

EMERGENCY OVERVIEW
Appearance: white.
Caution! Air sensitive. The toxicological properties of this
material have not been fully investigated.
Target Organs: None known.

Potential Health Effects
Eye:

No information regarding eye irritation and other potential effects
was found.

Skin:
No information regarding skin irritation and other potential effects

--=_-

was found.
Ingestion:

The toxicological properties of this substance have not been fully
investigated.

Inhalation: -
The toxicological properties of this substance have not been fully
investigated. Inhalation of dust may cause respiratory tract
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irritation.
Chronic:

Not available.

*++* sECTION 4 - FIRST AID MEASIJRES ****

Page 2 of 5

.-.

Eyes:
Flush eyes with plenty of water foz at least 15 minutes,
occasionally lifting the upper and lower lids. Get medical aid
immediately.

Skin:
Get medical aid immediately. Flush skin with plenty of soap and
water for at least 15 minutes while removing contaminated clothing
and shoes.

Ingestion:
If victim is conscious and alert, give 2-4 cupfuls of milk or water.
Never give anything by mouth to an unconscious person. Get medical
aid immediately.

Inhalation:
Get medical aid immediately. Remove from exposure to fresh air
immediately. If not breathing, give artificial respiration. If
breathing is difficult, give oxygen.

Notes to Physician:
Treat symptomatically and supportively.

**** SECTION 5 _ FIRE FIGHTING MEAslJRES ****

General Information:
AS in any fire, wear a self-contained breathing apparatus in
pressure-demand, MSHA/NIOSH (approved or equivalent), and full
protective gear.

Extinguishing Media:
Use agent most appropriate to extinguish fire.

Autoignition Temperature: Not available.
Flash Point: Not available.
NFPA Rating: Not published.
Explosion Limits, Lower: Not available.

Upper: Not available.

General Information: use proper personal protective equipment as indicated
in Section 8.

Spills/Leaks:
Sweep up or absorb material, then place into a suitable clean, dry,
closed container for disposal. Avoid generating dusty conditions.

**** SECTION 7 _ MLING and STORAGE ● ***

Handling:
Wash thoroughly after handling. Use only in a well ventilated area.
Minimize dust generation and accumulation. Avoid contact with eyes,
skin, and clothing. Avoid ingestion and inhalation.

Storage:
Store in a cool, dry place. Keep container closed when not in use.

**** SECTION 8 _ EXpOSURE cO~RcILS, PERSONAL PROTECTION ****

Engineering Controls:
Use adequate ventilation to keep airborne concentrations 10W.

Exposure Limits
+--------------------+-------------------+-------------------+-----------------+
I Chemical Name I ACGIH I NIOSH IOSHA - Final PELsI
l--------------------l------------------- l------------------- l----------------- I
I DI-2,3-Dimercapto-l lnone listed Inone listed Inone listed
I -Propanesulfonic Acl I I
[ id, Sodium Salt Monl
I ohydrate I I I
+--------------------+-------------------+-------------------+-----------------+
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OSHA Vacated PELs:
DI-2,3-Dimercapto-l-Propanesulfonic Acid, Sodium Salt Monohydrate:
No OSHA Vacated PELs are listed fox this chemical.

Personal Protective Equipment

Eyes:
Wear appropriate protective eyeglasses or chemical
safety goggles as described by OSHA’S eye and face
protection regulations in 29 CFR 1910.133.

Skin:
Wear appropriate protective gloves to prevent skin
exposure.

Clothing:
Wear appropriate protective clothing to prevent skin
exposure.

Respirators:
Follow the OSHA respirator regulations found in 29CFR
1910.134. Always use a NIOSH-approved respirator when
necessary.

**** SECT1c)N9 _ pHySIC~ AND CH~IC~ pRcIpERTIES****

Physical State:
Appearance:
Odor:
pH :
Vapor Pressure:
Vapor Density:
Evaporation Rate:
Viscosity:
Boiling Point:
Freezing/Melting Point:
Decomposition Temperature:

~ Volubility:
Specific Gravity/Density:
Molecular Formula:
Molecular Weight:

Solid
white
None reported.
5.0 0.5
Not available.
Not available.
Not available.
Not available.
@ 760.00mm Hg
229 deg C
Not available.
Not available.
Not available.
C3H703S3Na.H20
228.28

Chemical Stability:
Stable under normal temperatures and pressures.

Conditions to Avoid:
Not available.

Incompatibilities with Other Materials:
Strong oxidizing agents.

Hazardous Decomposition Products:
Carbon monoxide, oxides of sulfur, carbon dioxide, sodium oxide.

Hazardous Polymerization: Has not been reported.

**** SECTION 11 – ToXICOLOGICAL INFo~TIoN ****

-#-%...

RTECS#:
CAS# 4076-02-2: TZ6420000

LD50/Lc50:
Not available.

Carcinogenicity:
DI-2,3-Dimercapto–l-Propanesulfonic Acid, Sodium Salt Monohydrate -

Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.
Epidemiology:

No data available.
Teratogenicity:

No data available.
Reproductive Effects:

No data available.
Neurotoxicity:

No data available.
Mutagenicity:

No data available.
Other Studies:

No data available.
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Ecotoxicity:
Not available.

Environmental Fate:
Not available.

Physical/Chemical:
Not available.

Other:
Not available.

Dispose of in a manner consistent with federal, state, and local regulations.
RCRA D-Series Maximum Concentration of Contaminants: Not listed.
RCRA D-Series Chronic Toxicity Reference Levels: Not listed.
RCRA F-Series: Not listed.
RCRA P-Series: Not listed.
RCRA U-Series: Not listed.
Not listed as a material banned from land disposal according to RCRA.

**** SECTION 14 _ T~SpORT INFO_TION ~**~

US DOT
No information available

IMO
Not regulated as a hazardous material.

IATA
Not regulated as a hazardous material.

RID/ADR
Not regulated as a hazardous material.

Canadian TDG
No information available.

-_ —.
**** sEcTTON 15 . REGULATORYINFO~TION ****

US FEDERAL
TSCA

CAS# 4076-02-2 is not listed on the TSCA inventory.
It is for research and development use only.

Health & Safety Reporting List
None of the chemicals are on the Health & Safety Reporting List.

Chemical Test Rules
None of the chemicals in this product are under a Chemical Test Rule.

Section 12b
None of the chemicals are listed under TSCA Section 12b.

TSCA Significant New Use Rule
None of the chemicals in this material have a SNUR under TSCA.

SARA
Section 302 (RQ)
None of the chemicals in this material have an RQ.

Section 302 (TPQ)
None of the chemicals in this product have a TPQ.

Section 313
No chemicals are reportable under Section 313.

Clean Air Act:
This material does not contain any hazardous air pollutants.
This material does not contain any Class 1 Ozone depletors.
This material does not contain any Class 2 Ozone depletors.

Clean Water Act:
None of the chemicals in this product are listed as Hazardous
Substances under the CWA.
None of the chemicals in this product are listed as Priority
Pollutants under the cWA.
None of the chemicals in this product are listed as Toxic Pollutants
under the cWA.

OSHA:
None of the chemicals in this product are considered highly hazardous
by OSHA.

STATE
Not present on state lists from CA, PA, MN, MA, FL, or NJ.
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California No Significant Risk Level:
None of the chemicals in this product are listed.

European/International Regulations
European Labeling in Accordance with EC Directives

Hazard Symbols: Not available.
Risk Phrases:
Safety Phxases:

S 24/25 Avoid contact with skin and eyes.
WGK (Water Danger/Protection)

CAS# 4076-02-2:
Canada

None of the chemicals in this product are listed on
WHMIS: Not available.
CAS# 4076-02-2 is not listed on Canada’s Ingredient

Exposure Limits

the DSL/NDSL list.

Disclosure List.

**** SE-.TION lb _ ~DITTON~ INFo~TIoN ****

MSDS Creation Date: 3/07/1992 Revision #3 Date: 9/11/1997

The information above is believed to be accurate and represents the best
information curxently available to us. However, we make no warranty of
merchantability or any other warranty, express OK implied, with respect to
such information, and we assume no liability resulting from its use. Users
should make their own investigations to determine the suitability of the
information for their particular purposes. In no way shall Fisher be liable
for any claims, losses, or damages of any third party or for lost profits
ox any special, indixect, incidental, consequential or exemplary
damages, howsoever arising, even if Fisher has been advised of
the possibility of such damages.

________________________________________________________________________________

--- ~ toproduct information.

-=.- .



Sodium Polystyrene Sulphonate/Unithiol 997

Adverse Effects and Precautions
Succimer may cause gastro-intestinal disorders,
skin rashes, increases in serum trmrsamirmse, flu-
like symptoms, drowsiness, and dizziness. Succimer
should be used with caution in patients with im-
paired renal function or a history of hepatic disease.

Pharmacokinetics
Following oral administration succimer is rapidly
but incompletely absorbed. It undergoesrapid and
extensive metabolism and is excreted mainly in the
urine with small amounts excreted in the faeces and
via the lungs.

References.
1.Dar! RC, .! .1. Pharmacokinencs of meso-?,l-dimcrcaptosuc-

cimc ac!d in pmmnts wt{h Iemi potsonlng and !n healthy *dulls.
J Pedia(r 1994:125:309-16

Uses and Administration
Succimer is a chelating agent stmcturally relatedto
dimercaprol(seep.980).Itformswater-soluble
chelates with heavy metals and is used in the treat-
ment of acute poisoning with lead, arsenic, or mer-

Uses and Administration
Trientine dihydroch[oride is a copper chelating
agent used in a similar way to penicillamine in the
treatment of Wilson’s dkease. It tends to be used in
patients intolerant to Penicillamine. For a discussion
of the management of WW.on’sdisease see p,992.
Trientine dihydrochloride is administered by mouth.
preferably on an empty stomach. l%e usual initial .
dose is 750 mg to [250 mg daily in 2 to 4 divided
doses increasing to a maximum of 2 g daily if re-
quired. In children, the usual initial dose is 500 to
750 mg daily increasing to a maximum of 1.5 g dai-
ly if required.

Preparations
Names of preparations are fisted b-eiow: details are given in Part 3.

OfffcialPreparations
tJW’Z3:TriemincHydrochlorideC~pwles.
Proprietary Pr8parati0ns
USA:Syprine.

Ctrry.

Succimer mav also be used in the management of%jSodium 2.3-dimemaptopmpanes.lphonate.

cystinuria. Succimer, labelled with a radionuclide, is
used in nuclear medicine.
In the treatment of lead poisoning, succimer is given
by mouth in a suggested dose of10mg perkgbody-
weightor350mg permz body-surfaceareaevery8
hoursfor 5 days then every 12hours for an addition-
al 14days. The course of treatment may be repeated
if necessary, usually after an interval of not less than
2 weeks. The mwtagement of lead poisoning, in-
cluding the use of succimer, is discussed under
Lead. Treatment of Adverse Effects, p. 1720.

Reviews.

1. Anonymous. Succlmer—an oral dmg for lead pmsontng. .Wed
Len Drufs Ther 1991:33:78.

2. Mann KV, Travers JD. Succlmcr. m oral lead chelator. Clin

Pharm 1991:10. 91&22.

Extracor-poreaf administration.Extracorpored infusion
of succimer into the arterial blood line during haemodiaJysis.
a procedure known aa exrmcorporeal regional completing

haemodiatysis, produced J suhstannal cleamnce of mercury
in an anunc patient following intoxication with inorganic

mercury. I Clearance was approximately ten times greater
than (hat ~chieved wirh haemodialysis following inrrarnuscu-
lar ~dmmisrrauon of dimercaprol.

1. Kostyniak PJ, c! al. Ex[racorporeal regional complcxlng

haemml!alysis treatment of acute morgamc mercury lntox!ca-
tion. Hum Torzcol 1990, % 137-1 [

Preparations
Names of preparations ore listed fxlow: derails are given in Parr 3.

Proprietary Prepantions
USA: Chemet.

Trientine Dihydrochioride tI~~~.~J

Tnentine Dihydmchlonde (8AN, rfNNM).

MK-068I: Tnen Hydrochloride: Trienune Hydrochloride
(USAN); Tnethyleneterrsmme Dihydmchlonde. 2. ZEthylene-

di-iminobis(ethylamme) dlhydmchlonde: N, N’-b!s(2-Ammoe-

thyi)- 1,2-ethanediamme dihydrochlonde.

C6HIBN,,2HCI = 2192.

CAS — I I 2-24-3 (tr!ent!ne); 38260-01-4 (mentine dihy-

drochlorlde).

Pharmacopoems, In US.

A whi[e ro pale yellow crystalline powder. Freely soluble in
wamc soluble in methyl alcohol; slightly soluble in afcobol:

practically insoluble in chloroform rind in ether. A I% solu-
tion in water has a pH of 7.0 to 8.5. Store under m inert gas
in aimgh! comamers at Y to 8“. Protect from light.

Adverse Effects and Precautions
Trientine dihydrochloride may cause iron deficien-
cy, Ifironsupplementsaregiven an interval of at
least 2 hours between the administration of a dose of
ttientine and iron has been recommended. Recur-
rence of symptoms of systemic lupus erythematosus
has been reported in a patient who had previously
reacted to penicillamine.

t1H7Na0,S, = 210.3.
CM — 4076-02-2.

LJnithiol is a chelating agent structurally related to
dimercaprol (see p.980). It is water soluble md re-
ported to be less toxic than dimercaprol. Unithiol is
used in the treatment of poisoning by heavy metals
including arsenic, lead, inorganic and organic mer-
cury compounds, and chromium. It may be less ef-
fective in cadmium poisoning.

Unithiol is given by mouth in doses of 100 mg three
times daily. It has also been administered parenteral-
[y.

Reviews.
1. Apmhran HV. OMSA and DMPS—wItcr soluble madoles for

heavy metal pisonmg. Ann Rtv Phurmacol Toxicoi 1983:23:
193-215.

2, Hruby K, Donncr A. 13- Dimercapto- 1.propmesulphonate in
heavy metal poisomng. .Mcd Tortcnl 1987:2:317-23.

Lead poisoning. Unirhid haabeentried in twelve children
with chronic lead paisoning. 1 [t reduced lead concentmtions

in blond but did not affeet the concentrations of copper or zinc
in plasma. During rmument the urinary excretion of lead.
copper, and zinc wax increased. 1

The usual chelating agents used in the management of lead
poisoning are discussed on p.1720. ~

I Chisolm JJ. Thomas DJ. UX of 2.3-d imercapmpropane- 1.sul-
fonam in treatment of lead Wisonnng in children. J Phurmacol

tip Ther 1985: 23S: 665-9.

Flercury poisoning. Administrationof unithioi100mg
twice daily by mouth for a maximum of 15 days enhanced
urinary elimination of mercury in 7 patients with mercury

poisoning. 1 The urinary elimination of copper and zinc wa$
idso increased in most patients and two develnped skin rashes.

Unithiol. 50 mg pm 10 kg bedy-weight by intramuscular in-
jection three times a day reducing to 50 mg per 10 kg once a
day by the rhird day of tremment, effectively reduced the haJf-
Iife of memay in the blood following poisoning with metiyt-
memay,>
1. ,Mant TGK. Climcal studies with dimercap[opropane sulpho-

nmc in mercury poboning. Hum JOXICO1 1985, 4:346.

2. Clarkson 3W, et ai.Tests of efficacy of amido[cs for removal
of mcthylmercu!y in human pisoning dur!ng the Iraq out-

break. J Phurmoccd EXP Ther 19S I; 218:74-83.

Wflson’s disease. Unitbiol 200mg twice dailyl was used

successful y to mamtain cupriuresis in a 13-year-oId boy with
Wilson’s disease after he develo~d systemic lupus during

treatment with psnicillamine md with rrientine dihydmchl~
ride, which are IWO of tbe usual agents used m W!lson’s dis-
eaxe (see P.992). Unirhiol was starred in two similar patienw]
but both withdrew from rremnent. one because of fever and a
fdl in Ieucucyte count following a test dose md the orher be-
cause of inrense nausea and taste Impairment.

1. Wdshe JM. Umth!ol In W!lson’s disease Br Med J 1985:290:
673-J

Preparations
Names nf preparations UC listed below; derails are given m Part 3.

Pmpriecary Prepantions
Ge~Mc- L

I!,
.,

:eted
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2, 3-D1MERCAPTO-1-PROPANE SULFONIC ACID (IMPS) IN THE
TREATMENT OF HEAVY METAL POISONING

Introduction

The use ofchelatingagents,such as BAL (British Anti-Lewisite), calcium disodium

EDTA, and penicillamine in the treatment of human exposure to toxic metals has been well

known and accepted (1, 2, 3). However, these chelating agents have limited therapeutic

efficacies and undesirable side effects. In the quest for therapeutically more potent and less

toxic metal-binding agents to use in the treatment of heavy metal poisoning, scientists have

found that the sodium salt of 2, 3-dimercapto-l-propanesulfonic acid (DMPS) is an example

of such a compound (2, 4). It is a water-soluble chemical analog of dimercaprol (BAL) but

.—=
is less toxic. [t is administered parenterally and is also effective when given orally. It has

been used as an official drug in the Soviet Union since 1958 as Unithiol@. DMPS has been

approved by the German Food and Drug Administration (FDA) and is manufactured by

Heyl & Co. in Berlin, Germany as Dimaval@. However, it is a relatively new antidote,

especially to this country; it is being used in the United States as an investigational drug (2).

Chemical Prowrties

Structurally, DMPS is related to BAL (Figure 1) (1, 2, 3). It is a sulfonic acid salt with

two free sulfhydryl groups (SH-) which form complexes with heavy metals, such as mercury

___
1



(Hg), cadmium (Cd), arsenic (As), lead (Pb), copper (Cu),silver(Ag),tin (Sri),and others. It

—_
is soluble in water and can be administered parenterally as well as orally. DMPS has a

distinct odor; thus, it is recommended to administer the drug in ice cold orange juice or in

ice cold apple sauce (3). In addition, stability studies on DMPS are currently not available.

but it is considered to be vey stable and not readily oxidized during pre-use storage.

‘Therapeutic Use

As mentioned earlier, DMPS is used in the treatment of poisoning in humans by

heavy metals including mercury, arsenic, and lead (Table 1) (2, 6, 8, 9, 10). It is registered

with the German FDA for the treatment of mercury poisoning and is in fact sold in Germany

without the need of a prescription (2). It has also been used as a mercury challenge or_.-v

diagnostic test for mercury exposure; it has been found as the ideal agent to detoxify

patients that have suffered from mercury toxicity from dental amalgam fillings after the

fillingshave been removed (1, 5, 6). Moreover, DMPS has been reported to be useful in

/+’ Wilson’s disease in which tissue levels of copper are high. It is given by mouth as a single

~

,

dose of 300 mg or 100 mg three times daily for as long as 15 days. In the treatment of lead——..

d poisoning in children an oral dose of 200 mg to 400 mg of DMPS per meter squared body
—--

surface area per day was used effectively without observable adverse drug reactions (8).

When given parenterally, 5 mg per kg body weight three times a day was the recommended

dose(7).

.—.=.-—



PhannacokineticStudies

-.. .

DMPS has been extensively used in humans both in the Soviet Union and in

Germany, and pharmacokinetic data after intravenous (IV) and oral (PO) administration of #
. J—

this drug are widely available (1, 2, 11, 12). Studies have shown that DMPS is distributed

both extracellularly and to a smaller extent intraceIlularly (5, 11}. Scientists made an

assumption that if the drug appeared in the bile then it must have entered liver cells first, and

experiments done in rats proved that DMPS @ enter the liver cells in small amounts (5).

In the plasma, DMPS is found to be about 62.5% bound by protein, mainly albumin,

via a disulfide linkage (5, 11, 12). This was elucidated by treating the isolated DMPS-

albumin complex from the urine with dithiothreitol {DIT) to give back DMPS, the parent

___ compound. The DMPS-albumin disulfide complex is quite stable and may prolong the

heavy metal mobilizing activity of DMPS. As a matter of fact, the half-life of the parent

compound was 1.8 hours; whereas, that of altered DMPS was 20 hours,

DMPS is metabolized rapidly and is eliminated in the kidney and bile (4,5, 11, 12).

Hurlbut, et. cd. (1994) demonstrated that only about 12% or 9%, respectively, of the DMPS

concentration detected in the urine is presented as the parent drug after fifteen minutes of IV

or PO adminisb-ation of DMPS, suggesting that the majority of the DMPS in the urine were

the metabolizes or the oxidized forms of the drug (12). [n humans, DMPS is biotransformed

or oxidized to acyclic polymeric disulfides (which constitute only 0.5% of the total DMPS

disulfides) in the liver and cyclic polymeric disulfides (97% of the total DMPS disulfides) in

the bile (Figure 2) (2. 5, 12). The amount of altered or unaltered DMPS was determined
.——-.
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usingan assay thatemployed thechemical known as bromobimane toreactwith the thiols

.-k.
(Figure3) (5, 12). Neither bromobimane nor DMPS has a fluorescence, but bromobimane

would react with DMPS to form a highlyffuorescentbimane derivative.The resulting

compound isthen analyzed usingthe techniqueof l-lP~C(1-Iigh-PerformanceLiquid

Chromatography) todetectunalteredmolecules. The value of the altered or biotransformed

molecules of the drug is then determined by subtracting the value of experimentally

determined unaltered forms from the value of experimentally determined total DMPS (5).

Nevertheless, the disulfide group and certainly the sulfonic group are vey poor

chelators, especially of mercuy or lead (12). The two suffhychyl groups of DMPS are

necessary for chelation. DMPS disulfides appear to be transported and reduced to DMPS

within the renal tubules in the kidney where chelation of mercuy by DMPS increases

—- mercuy excretion in the urine.

oral DMPS appears to be less effective; oral bioavailability of DMPS is about 60%

(11). The half-life found for total DMPS in a study after IV administration was

approximately 20 hours, which was considerably longer than the half-life of 9.5 hours found

for total DMPS after oral administration to humans (11). These valuesmay represent

differences in the metabo[ites produced after oral and [V administration. Other

pharmacokinetic parameters of the drug include an elimination half-life of 43 minutes, a

volume of distribution (Vd) of 160 ml/kg, and a clearance (CL) of 2.6 mi/min/kg (1, 11).



Toxicities

DMPS is a relatively safe drug and has been used innocuously in Europe for many

years (1). In the studies done on DMPS at a dose of 5 mgkg, some patients developed

allergic reactions to the drug. This is usutdly because the patients have a histoy of allergies.

No anaphylactic shock was seen. Other common side effects experienced by some patients

were mild and include nausea, weakness, vertigo, and itching skin. No nephrotoxicity was

observed. It also exhibited no mutagenic or teratogenic effects (1). When the dosage was

increased to 100 mg/kg, the increased effectiveness was noted, but necrotization and

ulcerations often occurred at the site of the subcutaneous (SC) or IV injection. However,

when injected IV, DMPS should be given over a five minute period since hypotensive effects

—_ are possible when it is given parenterally as a bolus (2).

DMPS vs. Other Chelatin~ Awmts

In the treatment of heavy metal poisoning, BAL and calcium disodium EDTA are

becoming obsolete. Water-so[uble chelating agents like DMSA (succimer, Chemet@) and

DMPS are therapeutically more potent and less toxic (1, 2, 5). When compared with D-

penicillamine and N-acetyl DL-penicil[amine, DMPS was the most effective for clearing

mercuy from the blood (6). [t is more advantageous than DMSA since it has been

extensively used in the Soviet Union and in Germany, and capsules for oral use as well as

parenteral preparations of DMPS are available. DMSA. on the other hand, is only available
.-.
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orally,thus,pharrnacokineticsof DMSA are somewhat limited.Additionally,DMPS does———

not cause a redistribution of Fig to the brain like calcium disociium EDTA can. DMPS is

more specific than caIcium disodium EDTA; at diagnostic doses, DMPS would not be

expected to increase the urinay excretion of essentiaI trace elements such as copper and

zinc. DMPS is able to entercellstoa certainextentandthusisintermediateinitstoxicity.

Comparatively,DMSA is the least toxic of the dimercapto chelating agents and has the

highest LDw since it does not get into cells (Tabi~).

Conclusion

In retrospect, it appears that there is no better chelating agent than DMPS in treating

—-
heavy metal poisoning. None of the other chelating agents including DMSA, BAL,

penicillamine, or calcium disodium EDTA is as therapeutically diverse and potent in

detoxifying patients of heavy metals as DMPS. Other chelating agents are more toxic to use;

whereas, DMPS is a relatively safe drug. Thus, in the treatment of heavy metal poisoning

2, 3-dimercapto-l-propane sulfonic acid is the recommended choice.



—-. Chemical forrnuias for chelating agents used for treating heavy metal poisoning of humans

(From Reference #2)
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_—_
Proposed Structures of the human urinay metabolizes of DMPS (From Reference # 12)
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Fiqure 3

Proposed Reactions of bromobimane with DMPS (From Reference #5)
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Table 1

Indications and Contraindications of chelating agents in heavy metal poisonings
(From Reference #2)

Metal* First Choice Second Choice Contraindications

Hg metal DMPS DMSA Dimercaprol

Hg inorganic DMPS DMSA Dimercaprol

Hg organic DMSA, DMPS Dimercaprol

Pb DMSA

As DMPS. DMSA

DMPS

Dimercaprol

Dimercaprol, EDTA

Dimercaprol (?)

Cr DMPS

Sb DMPS

Transuranics DTPA
-- ‘Abbreviations: Hg= mercury; Pb= lead, ,%= arsenic; Cr=ctiromlum!; .%=annmony.

Table 2

*LDWDetermination intraparenterally in mice (From Reference #5)

Compound LD~O(rnmol/’kg) 95% confidence Number of mice

interval

UA!. 1.48 111.197 212

DMPA 0.82 0.80,0.84 172

DMPS 6.53 5.49, 7.71 88

meso-DMSA 13,73 11.36, 15.22 164
“LDfl= mecilan lethal do=

.--.=
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——=.— 2, 3-DIMERCAPTO-I-PROPANE SULFONIC ACID (DMPS) IN THE TREATMENT OF
HEAVY METAL POLSONING

Introductionn

The use of chelating agents, such as BAL (British Anti-Lewisite), caIcium disodium EDTA, and

penicillamine in the treatment of human exposure to toxic metals has been well known and accepted (1,2,

3). However, these chelating agents have limited therapeutic efficacies and undesirable side effects. In the

quest for therapeutically more potent and less toxic metal-binding agents to use in the treatment of heavy

metaI poisoning, scientists have found that the sodium salt of 2, 3-dimercapto- I -propamesulfonic acid

(DMPS) is an example of such a compound (2, 4), It is a water-soluble chemical analog of dimercaprol

(BAL) but is less toxic. It is administered parenterally and is also effective when given orally. It has been

.-7
used as an official drug in the Soviet Union since 1958 asUnithiol@. DMPS has been approved by the

GermanFood and Drug Administration(FDA) and is manufacturedby Hey[ & Co. in Berlin,Germany as

Dimaval@. However, it is a relativelynew antidote,especiallyto thiscountry; it is being used in the United

Statesas an investigationaldrug (2).

chemical Pror)erties

Structurally, DMPS is related to BAL (Figure I; (I, 2, 3). It is a sulfonic acid salt with two free

sulfi~dryl groups (SH-) which form complexes with heavy metals, such as mercury [Hg], cadmium (Cd),

arsenic (As), lead (Pb), copper (Cu), silver (Ag). tin (Sri), and others. It is soluble in water and can be

administered parenterally as well as orally. DMPS has a distinct odor; thus, it is recommended to

_—_
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administer the drug in ice cold orange juice or in ice cold apple sauce (3). In addition, stability studies on

DMPS are currently not available, but it is considered to be very stable and not readily oxidized during pre-

use storage.

Theratxutic USS

As mentioned earlier, DMPS is used in the treatment of poisoning in humans by heavy metals

including mercury, arsenic, and lead (Table I) (2, 6, 8, 9, IO). It is registered with the German FDA for

the treatment of mercury poisoning and is in fact sold in Germany without the need of a prescription (2).

It has also been used as a mercury challenge or diagnostic test for mercury exposure; it has been found as the

ideal agent to detoxi$ patients that have suffered from mercury toxicity from dental amalgam fillings after

the fillings have been removed (I, 5, 6). Moreover, DMPS has been reported to be usefld in Wilson’s

disease in which tissue levels of copper are high. It is given by mouth as a single dose of 300 mg or 100 mg

three times daily for as long as 15 days. In the treament of lead poisoning in children an oral dose of 200

mg to 400 mg of DMPS per meter squared body surface area per day was used effectively without

observable adverse drug reactions [8). When given parenterally, 5 mg per kg body weight three times a

day was the recommended dose(7),

Pharmaco kinetic Studies

DMPS has been extensively used in humans both in the Soviet Union and in Germany, and

pharmacokinetic data after intravenous (IV) and oral (PO) administration of this drug are widely available

(I, 2, I I, 12]. Studies have shown that DMPS is disn-ibu[ed borh exn-acellularly and to a smaller extent

. .
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intracellularly (5, I I). Scientists made an assumption that if the drug appeared in the bile then it must have

entered liver celk first, and experiments done in rats proved that DMPS ~ enter the liver cells in small

amounts (5).

In the plasma, DMPS is found to be about 62.5% bound by protein, mainly albumin, via a

disulfide linkage (5, II, 12). This was elucidated by treating the isolated DMPS-albumin complex from

the urine with dithiothreitol (DTT) to give back DMPS, the parent compound. The DMPS-aibumin

distdfide complex is quite stable and may prolong the heavy metal mobilizing activity of DMPS. As a

matter of fact, the half-Iife of the parent compound was 1.8 hours; whereas, that of altered DMPS was 20

hours.

DMPS is metabolized rapidly and is eliminated in the kidney and bile (4, 5, II, 12). Hurlbut, ~t,

al, (1994) demonstrated that only about 12°/0 or 9°/0, respectively, of the DMPS concentration detected in

the urine is presented as the parent drug after fifteen minutes of IV or PO administration of DMPS,
—— ——-

suggesting that the majority of the DMPS in the urine were the metabolizes or the oxidized forms of the

drug (12). In humans, DMPS is biotransformed or oxidized to acyclic polymeric disulfides (which

constitute only 0.5% of the total DMPS disulfides) in the liver and cyclic polymeric disulfides (97Y0 of the

total DMPS disulfides) in the bile (Figure 2) (2, 5, 12]. The amount of altered or unaltered DMPS was

determined using an assay that employed the chemical known as bromobimane to react with the thiols

(Figure 3) (5, 12). Neither bromobimane nor DMPS has a fluorescence, but bromobirnane wou[d react

withDMPS to form a highly fluorescent bimane derivative. The resulting compound is then analyzed

using the technique of HPLC [High-Performance Liquid Chromatography) to detect unaltered molecules.

The value of the altered or biotransformed molecules of the drug is then determined by subtracting the

value of experimentally determined unaltered forms fi”om the value of experimental~ determined total

DMPS (5).

——=.—



Nevertheless, the disulfide group and certainly the sulfonic group are very poor chelators, especially

of mercury or lead (I 2), The two sulfhydryl groups of DMPS are necessary for chelation. DMPS

disulfides appear to be transported and reduced to DMPS within the renal tubules in the kidney where

chelation of mercury by DMPS increases mercury excretion in the urine.

Oral DMPS appears to be less effective; oral bioavailability of DMPS is about 60% (I 1). The

half-life found for total DMPS in a study after IV administration was approximately 20 hours, which was

considerably Ionger than the half-life of 9.5 hours found for total DMPS after oral administration to

humans (I I). These values may represent differences in the metabolizes produced after oral and IV

administration. Other pharmacokinetic parameters of the drug incIude an elimination half-life of 43

minutes, a volume of distribution (Vd) of 160 ml/kg, and a clearance (CL) of 2.6 ml/min/kg (1, I I).

—=_

Toxicities

—

DMPS is a relatively safe drug and has been used innocuously in Europe for many years ( I). In the

studies done on DMPS at a dose of 5 mg/kg, some patients developed allergic reactions to the drug. This

is usually because the patients have a history of allergies. No anaphY1actic shock was seen. Other common

side effects experienced by some patients were mild and include nausea, weakness, vertigo, and itching skin.

No nephrotoxicity was observed. IL also exhibited no mutagenic or teratogenic effects (I). When the

dosage was increased to 100 mg/kg, the increased effectiveness was noted, but necrotization and

ulcerations often occurred at the site of the subcutaneous (SC) or IV injection. However, when injected

IV. DMPS should be given over a five minute period since hypotensive effects are possible when it is given

4



parenterdly as a bolus (2).

DMPS vs. other Chelatin~ #KZenQ

In the treatment of heavy metal poisoning, BAL and calcium disodium EDTA are becoming

obsolete. Water-soluble chelating agents like DMSA (succimer, Chemet@) and DMPS are therapeutically

more potent and less toxic (I, 2, 5), When compared with D-penicillarnine and N-acetyl DL-

penicillamine, DMPS was the most effective for clearing mercury from the blood (6). It is more

advantageous than DMSA since it has been extensively used in the Soviet Union and in Germany, and

capsules for oral use as well as parenteral preparations of DMPS are available. DMSA, on the other hand,

is only available orally, thus, pharmacokinetics of DMSA are somewhat limited. Additionally, DMPS does

not cause a redistribution of Hg to the brain like calcium disodium EDTA can. DMPS is more specific
.—._

than calcium disodium EDTA; at diagnostic doses, DMPS would not be expected to increase the urinary

excretion of essential trace elements such as copper and zinc. DMPS is able to enter cells to a certain extent

and thus is intermediate in its toxici~.

Comparatively, DMSA is the least toxic of the dimercapto chelating agents and has the highest LD~O since

it does not get into ceI1s (Table 2).

Conclusion

In retrospect, it appears that there is no better chelating agent than DMPS in treating heavy met~

poisoning. None of the other chelating agents including DMSA, BAL, penicillamine, or calcium clisodium

EDTA is as therapeutically diverse and potent in detoxi$ing patients of heavy metals as DMPS. C)ther
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chelating agents are more toxic to use; whereas, DMPS is a relatively safe drug. Thus, in the treatment of
.—-=

heavy metal poisoning

2, 3-dimercapto- I -propane sulfonic acid is the recommended choice.

=

Chemical formulas for cheIating agents used for treating heavy metal poisoning of humans (From Reference

#2)
.--— -.
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Proposed Structures of the human urinary metabolizes of DMPS (From Reference # 12)
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Proposed Reactions of bromobimane with DMPS (From Reference #.5)
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Indications and Contraindications o[chelating agents in heavy metal poisonings

(From Reference #2)

Metal’ FirstChoice Second Choice Contraindications

Hg metal DMPS DMSA Dimercaprol

Hg inorganic DMPS DMSA Dimercaprol

Hg organic DMSA, DMPS Dimercaprol

Pb DMSA DMPS Dimercaprol, EDTA

As DMPS, DMSA Dimercaprol Dimercaprol (?)

Cr DMPS

-_.———.-
Sb DMPS

Transuranics DTPA
*Abbrcvlaclons: Hg=mercury; Pb= Icad: ASZ arsenic; Cr=chromwm; Sb=ancunonF

w
‘LD,O Determination intraparenterally in mice [From Reference #5)

Compound LD,O (mmol/kg) 95’% confidence Number of mice

interval

BAL 1.48 1.11, 1.97 212

DMPA I ().82 I 0.80,0.84 I 172
DMPS

I
6..53

I
5.49,7.71

I
88

meso-DMSA I 13.73 I 11.36, 15.22 I I64



_- —..- *LD~O= medianlethaldose.
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Meso+ul’ercaptosuccinic acid (EMSA) and the sodium salt of
2,3- d.imer~l-p~sulfcmic acid (DIPS) are analcxgms in
chemiti structure tod.imrcapml (BAL, British Anti-Iewisite).
Dirercaprdwas amng the first tkr~timllyuseti m?tal
chelatingagmts and was develcpedorigbally as an
anti-lewisite agent. Either IXSA or IMPS protects ratbits fran
the lethalsystemicacticm of dicld-oro (2-chlorovinyl) arsine
(29. 7mmls/kg, also hewn as ltisite. ‘Ihe analogs are active
in this rex whm given either SC or po. T%e stabilityof
each of thethreedimm=@o cmpmnds in distilledH O, pH 7.0
at 24°,has been examined for seven days. m retai&d 82% of
its mxmpto groups,but m tit-ratable nercapti grcups remaird
in the D4PS or BAL mluticns. At pH 5.0, Ixx@arer, there was no
striking differencein the stabilityof the three dimrcapto
cmpmnds (78-87%)cm= a seven daY period. IKA and IWS
warrent further investigation as inter soluble EM birding
agents in both in vivo and in vitro experinrmts.

BritishAnti-L6Misite(ML, dimrcaprol) was developedin the 1940’sas
an antiibteto dichloro-(2-chlorovinyl)-arsk, mmmly called kwisite
(1,2). ‘he lethalaction of lewisite is believed to be the result of its
carbiningwith me or nrxe sulfhydql groups and thus inactivatingessential
Sulfhydryl-crmtaixmgenzyKes (3). It is tk arsenic in the kwisite molecule
that reactswith sulfhydrylrmieties.

At the time of its in~ “on into clinicalIredicti,BAL was
amsiderti by many to & the long sought, universal antibte for ixxwy rretal
piscm.ing. In subsequent years, ~, less toxic and nme specific rretal
binding agents have been saqht and investigated. Sme km? m?t tbe criteria
and s~ necessary for clinical use. others have mt . ~r exarrple, BAL
glumside was intrduced (4) as a result of a search for water smluble ad
less toxic analogs of BAL. Altkmgh it was found to & less toxic tka M
for iv use, (probably because of its lcw lipid volubility) , it did not beta’re
establish as a clh.ical agent *use it is unstile chemically. Other
mxpurds, which are less analopxs in cixxrical structure, have replaced W
for m of its nvre specific therapeutic uses. Rx exzarpler mcillamine
isusedto ucbilizeardincm=se the @cmZ?tion of ~ in patients with
Wilson’s Disease (5). Its W-acetyl ckzri~tive is effestive as a mrcuxy
antiti (6,7). BAL haS mrnaind , ~, * drug of -ice in the U.S. for
the -tmmt of arsenic Wisening.

0024 -3205182 /192149 -Q8$03.0010
Copyright (c) 1982 Pergamon Press Ltd.
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M2sc-dimr~-inic acid (rtf5Zd (8) tithe tiun saltof
2,3-dinrxcapbl-propane.sulftic acid (~) (9) are pranising replammmts
for M. ll-lese ~sare very similar inchm’lical stnlctureti wand
are scmti.ms referred to as water soluble amVor orally-ffective analcqs of
BAL. ‘Ib cur !axwledge, -er, the anti-l~site activity of these -
~rtant ctical analcqs has lmt &en &termined. tteither are any @liskd
dab available concerning the stability of aquecus solutions of these
diln?.rcapti cUqmln& . ‘&i&nce for the anti-lwisite activityand stability
of M and IliSAare presentedin this paper.

Materials and Methods

Male W Zealand white stdc rakbitsweighing 2.5-3.5 kg were purchased
frcrnDutchlandUratories Inc., Drover, PA and &vi.d.smn Mill Farm,
Joneskurg,NJ and caged individually. Fcod (FurinaFa&it CIXYABrand 5322)
and water were availablead libitumex~t in the case of tlmse animalswho
receivedtherapyorally. ‘-1s receivingtherapypo m fasted fran 16 hrs
prior to the first administrationto 1 hr after the last administrationon day
one. Cm days @ and three,animalswere fasted fran 1 hr prior to the
mrning administraticmto 1 hr after the evening acbninistraticm,w roximtely
7 I-ralrs.

When dithiol therapy was given SC, the animals were anesld_x2tized fiftOen
minutes before lwisite administration by dni.nistering im 0.50 ml of
anesthetic solution per kg. k ani.nals = anesthetized to reduce the @
~ to & caused by l-site. sub~tly, it was dxemwd that neither
pain rmr di~ort was went. ‘Ilms, anestksia was not used in &
wpe.rimnts when dithiols were given W. ‘l& anesthetic solution was prepared
by mixing 5 parts wtanune HC1 (100 n_g/ml) and 1 part of Xylazine [100 ny/ml).

A 5 ml Ciilson Pipetnw was used to give the dithiols by mouth. The
rabit was placed in a short restraining tmx. ‘IhebOx wasplac40n itsed
sothattk rakhitws in avertical position with itskadattk tq. The
Pipe12mm was filled with the desired volume of * drug solution. W plastic
tip was gently inserted ketwen the lips at one cormr of the KUJth and *
liquid cklivered slwly into the back of the rakbit’s nmuth. This mttd did
not ~ to cause any trauma or injury. It was easier and fasterto pxform
than the use of polyethyleneSxmach tubes.

NaD@S was a gift of Heyl and Co., )?erlin.Since each rmleculehas a
ndecule of H20 associatedwith it, a molecular~ight of 228.2was used in
calculations. lMiA was a gift of Johnsonand Johnson, Skillman,N.J. Eoth
ccrpu.nds-e pharmaceuticalgra& ~ity. DfPS and EMSA -e titratedwith
icdine in order to nedsure pity and nrarcaptomntent. By this criterion,
each preparationwas judgedto be greater than 99% p-me. ‘lhecmpunds when
given by mxth were dissolvedh water. h order to dissolve=, the
aqueous suspensionwas adjustedto pH 5.5 with NaOH. When given sc, the
solutionsw2re preparedthe sam way except that the ccmpunds were dissolved
in 0.9% Nacl-5%NaHCO .

2
Unlessotherwisestated, the concentrationsof D4PS

or CB13 were such tha the rabbitreceived1.0 ml of eolution~r kg of bdy
weight, Fr administration. Dimrcaprol Injection,USP (BALin Oil lW@es)
was a gift of Hyrmn, WescOtt .sEunnirq,Baltinmre,~.

Lwisite was 97-99.6%pre as judgedby NMR-spctroswpy as well as by
icd.inetitration. Analysisby the formermtkd al= indicated that the forms
of le.risitethat wsre presentwere tram (97.7%), cis (1.7%)and d.in=rs
(0.5%). I.avisiteis a hazardcusmaterialwith which to work sirm it is a
~tent vesicant. All handltiqof lewisitewas done in an extmmly well

—-- -.
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TAME I

TIE Anti-lewisi& Activity of Mso-Di.rmxaptoSmctiic Acid and
2,3,-Dinercapto-l-propanesulfomtewhen given sc to rabbits

Grcxlp Dls/kg survive/Starta % mrvival

1 & + ----.–- 1/18 6
2 IJW + 75.0 lltSAc 12/12 100

3 LEw + 37.5 m 6/6 100

4 LE%4 + 20.0D’EA 6/6 100
5 ?.Jw + 10.0lY4sA 1/6 17

----- ----- ----- ----- ----- ----- --

6 LW + 75.0 KEIPSc 10/12 83
7 IJw + 37.5lmPs 5/6 83

----- ----- ----- ----- ----- ----- --
8 K5’ + 75.0w= 8/12 67
9 m + 37.5BAL 3/6 50

.
..-,

a In the tables of this paper, the da= represent the
tiined results of a n-r of separateexperiments. ‘l%is
was &me to save space. ‘II-usreasmn for the ntmbr of animals
in sare groups differingfrm the nunber in other grcups of
thesamtile isthat very often thedinddati arethe
resultof fran 2-3 separate eqxxin=nts. Gtherwise, the
experinrmts -e perform?d urder identi=l conditions. The
survivalrecorded in this table is that for 7 days after
lmisite a~istiaticn.

b
Lewisite (29.7 unmls/kg) was given sc at tine zero.

c AH agents given sc except BAL, which was given im.
Dirrercapti axrpmck given at +1 rein, +90 rein, +180 nrin,
+360 min after lwisite and at 8 a.m. and 4 p.m. on day 2
and 3. Ministration of these amunts of d.imrczipto
cmpxnd at the tires cited abve did mt cause any
fatalities in control animals that did not receive lewisi~
(data not -) .

d Pair-wise ~isens: p t 0.0001 for 1 vs 2; p = 0.0001
forlvs3and lvs4; p< 0.001 forlvs6an51vs7; p=
0.001 for 1 vs 8 and 0.01 for 1 vs 9.

vented Chm-Licalexhausthod. Safetyglassesand thick necpreneglovesw?re
mm.

m stabilityof D4RS, M or W = ~~~ ~- i~tric.~>
titratim. ‘Ib2.50 ml of a 0.10 M dimrcapto soluticm, 10 @s of stamh
ficator solutionwere aMsx5. TIE mluticn was titrati usirq 0.025 N idine
soluticm until the blue color appeard and persisted for at lest 10 =.
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Rxn.Llts

Anti-tisite Pctivity

‘lYiedata of Table 1 clearly shcw that both ~ and tWS have
anti-lewisiteactivitywhen given .sutxutaniwusly.As littleas 20wls/WSA/kg
ackn.idster~ SC, according to the stated reyti, protects against the lethal
actions of lewk. ite. Thus, l14SA and IMPS are analcgous to ML not only in
cknical structure but also with respct to anti-1-isite activity. h
adlition, LMSA and COWShave anti-ltisite activity when given orally (Table
2) .

TABLE 11

tMeso-Dimrcaptosuccinic Acid or 2, 3-Dimrcapto-l-Prqanesulfomte
is effective,when gimn by muth, in protectingrabbits

againstthe lethaleifectsof Lewisite

Grcup unmls/kg sumiwdstart % survival

1 ~ + -.----- 0/12 0
21Jm + 400@ 5/6 83
3LW + 200

3

4/6 67
4LEW + 400 6/6 100
5LJM + 200m 4/6 67

---- ---- ---- -- ----- ----- ----- ----
6L134+ ---—.- 1/6 17
7LEn+rMsAc 4/6 67
8W + ColPsc 1/6 17

a tisite (29.7 umls/kg) was given sc at time zero.

b.
Dumrmpto ccrqmmds givm p at -45, -2, +90 and +300 min.

after lewisiteand 8 a.m. and 4 p.m. on day 2 arid3. No
fatalitiescccurredin control animals tit received these anuunt
of dtircapto ccrrpmd, p, (but rKY l~site) at the tines cited
stove. Survivalwas follti and recordedfor 7 days after
lwi site administration.

c Dimsrcaptoccrqxxndsgiven P as follmw: 400uIr01sof
dimrcapto cqp.md /kg at 5 ti kfore laisite, and 200umls/kg
at each of the follcwingtin-esafter l-isite: 1 hr., 2.5 hrs.
and 5 hrs. on the first day plus 8 a.m. and 4 p.m. on day 2 and
3.

d
For pair-wisecmparison: p = 0.001 for 1 vs 2; p = 0.01 for 1

vs 3; p < 0.001 for 1 vs 4 andp = 0.01 for 1 vs 5

P&litioml studieshave demonstratedthat a single P administrationof
= (400mmles/kg) 15 min prior to ltisite was ineffectivesin= only 1 of
6 animalsWived for 7 days. In the expwirrentsof Table 1 and 2, mxt of
the rabbitstkt receivedl~isite and no d.imrcqko therapydied within 12
hrs. If animls died after receivingltisite plus dimrcapto therapy,&y
usuallydied betweenthe first and fifthday of the experiment.
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StabilityStudies

The stiilities of lXSA, l14PSand ML in O.1OM solutions at pH 5.0 and 7.0
w-xc exanind (Fig1). The mrcaptogmups of these cmpomds, in aqueaus
solutionsat pH 5.0, are stile (Fig1). Wen after 7 days at mm
~rature, frwn 78 to 87% of the mrcapto groups r-in titratile. At pH
7.0, hcwever,the greaterstabilityof lllSAis evidentwith 82% of the
mrcapto groups rsmdring after 7 days.

FIG. 1

Stabilityof WSA, Et4PSand EALat FM 5.0 or 7.0. Aqueous
sohtions of each ~= Per adj~~ ~ W 5.0 Or 7“0
and to a final cnncentrationof 0.10nm3L/fnl. Solutions were
preparedusing double-distilld H O and maintained at 24°.
~i~ were ~ at i.rdicatEJtilms and tk lrercaptoOXtetlt
detemined. Ehch value s.hewnis the averageof tho separate
titrations.

Bythistim andunde rtisemnditi- mneoftlWmrm@O~sof
Et4PSor W rmained. Otkr stud2es (datanot sham) irdicatedthat IIwSA,in
a solutionof 5% NaIU3 when eitlwm frozen for 4 days or frozenand thawd
each day for 4 days rek 82% of its original=X gTWPS. If sunik
solutions=re held at 4° or 24° for 4 days, tWA retained76% and 69% of its
rfe-rcaptogrmps, respectively. AlttCUghWlutions of tWS in 5% NaKO w
stable (92-95%of original)when eitkr frozen,or frozen and t.lwmad !&h day

for 7 days, after thm2 days at mm _aw no titratile mrca@ groups
were widmt.

~-.
Discussion

Extensiveclinicalexpe.rim=ewith _ and Kt@S as anticbtesand
P@Ybtics for mrmry, l-d, arsenicandowkvymtals babem

-..:~.
,.,,.
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repmtedinsovietad ‘nwunlad(!hinese literature (10,11,12,13). hthe
Soviet Un.icm, IWPS has keen for my years an official drug called Uh.ithiol.
F&ently, there has ken a great *1 of interest in both of these wa&r
soluble chsmical analcgs of dimercaprol in the United States and abroad
(14,15,16,17,18). ~s has resulted in the confirrmticm and extension
(19,20,21,22) of earlier rep- ckaling with both the basic @ cltical
investigations of H and DIPS.

Altkmgh cl.imxcaprol is a nzum relatively easily identified in the field
of **utics, the ~ is kncwn mst cxmmmly in other areas as British
Anti-kwisiM. It ~ r easonable to _ that a true analog agcmist
might also have Anti-Lswisite tivity.

‘lh present experint?mts clearly s- that eitkr lXSA or tMPS will
protect ratbitsagainst the lethal systeniceffectsof sutxutanmusly
adninis@red l~site (Table1 ad 2). Therefore,MSA and CMPS can be
cmsidered to be mt only analccyxsin chenicalstructurebut also in
anti-kwisite activity. In addition,CMiA and ~ are effectivewhen given
by ath; a rcute mt recamdd for BAL ackni.dstraticm.

~cixeschedul eforachinister~ EWAandllll %wasksedcna three day
regimn ~ in the literaturefor W use of VEse mtal binding
a9ents. ~t studies (~h.im, @lish@ We ~~ated that as
littleas cne &se of 40 @Ls/kg of eitkr drug given ilnom minute after
lcwisitewill result in the survivalof 4 at of 6 rabbits. Kn addition when
- therapy is delayed until 90 min after ltisite, 6 of 6 rabbits, survived.
‘I%e pqose of these studies was to determine whether BISA or Ct@S have
anti-l~site activity. No atlxnpt has been IMCk to quantitate tiir relative
efficacyagainst ltisite.

Not cdy are these analogs crystalline ad readily kater soluble, they
are less toxic than ML. The results of a nuntxr of different investigations
in rcdents have led to the conclusici-i that W acute toxici~ of CY4SAis less
than that of LMFSwhich is nmch less than *t of NW (19.23.24.25).

The stability sties (Fig 1) were initiated for +cw reascms. F!WIy
investigators believe that D4SA and I14PS are unstable because of their
dimercapto strmcture. Since solutions of these cqmmds were being used
thougkut the day, for exar@le see Table 1 and 2, it has ken considered
necesskuy by a nurrke.r of investigators (17, 20) to prcpre solutions
inuediately kfore use. ‘l& stability of solutions of these tircapto
~ is ~t surprising sin= mrcapto cxqmmis are usually thixght
to be readily oxidized.

In addition to my older repxl-s in the Soviet and Chinese literature
(10,12,26) dealing with 12t4PSand H in hunwn therapy, such use has ken
streqtkned by recent papers containingdata fran clinicalinvestigations.
For exanple, Et&A has been used recently in the treadwnt of a 46 yr. old n-an
who irqestd 2000 nq of arsenic in a suicide attqt (27) . Treatn_ent with 300
nyoftWA every 6hrs~for3 days caused anincrease in the urinary
excretionof arsenicand eventual recovery. EFK3Aticreasedthe excretionof
lead in the urine of smlter wxkers and was effectivein treatingthe signs
ard .syn@ms of lead ~isming (28). ‘IW dimrcapto cupwrrl was well
toleratedand no signs of toxicitywere evident. ~ USefUkSS of = and
other mtil biding agents in the treatn-ent of mmuxy intoxication result.hg

fran the Iraqi rrercury disaster has ken dcmrmnti r~tly (18) . 124PS, as
DIMAVAL, is nm an a~roved drug in West Germmy for the treatmnt of mxcury
pison. ‘IYese bm water soluble analogs of BAL, aralogcus in activity as *11

-
.?- ‘
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as chemical structure, active when given by muth and of lCJAtoxicity, warrant
continuedinvestigationas pssible replacementsfor BAL.
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BIOLOGICAL CHELATION: 2,3-
DIM ERCAPTO -

PRO PA NE SULFONIC ACID AND
ME SO- DIM ERCAPTOSUCCINIC

ACID

H. VASKEN APOSHIAN

Department of Cellular and Developmental Biology,
Universit} of Arizona Tucson, AZ 8572 I

——.
INTRODUCTION

In 1946, summaries of the results of experiments dealing with a new metal
binding agent appeared in the biomedical literature. The agent became known
as British Anti-Lewisite or BAL. In the U.S. it was given the generic name of
dimercaprol. Its importance initially was its effectiveness in treating exposure
to the arsenic+ obtaining chemical warfare agent, Iewisite. Within a short
time, BAL was shown to be useful in the treatment of intoxication by arsenic,
lead, mercury and a number of other heavy metals. It was considered to be the
long-sought universal antidote for poisoning by one or more of the heavy
metals.

In subsequent years due to the increasing clinical experience and to the
continuing search for better therapeutic agents, other chelating agents have
been introduced (1). Some of these metal-binding agents have replaced one or
more of the uses of BAL in clinical medicine. For example D-penici]]amine is
used [o increase the excretion of copper in Wilson’s disease (2) and N-acetyl-
DL-penicillamine to treat mercury intoxication (3). The exception has been in
the treatment of arsenic poisoning. Since the late 1940s, BAL has remained
the drug of choice in the U.S. for treating arsenic poisoning (l). BAL,
however, is far from the ideal drug. Some of its limitations are listed in Table

1.

In the mid- 1950s, the chelating properties of two new agents, the sodium
salt of 2,3dimercapto-1 -propanesulfonic acid (DMPS) and mesodimercap-

tosuccinic acid (DMSA) were reported (4, 5). These compounds are water
soluble analogs of BAL whose structures are shown in Figure 1.The synthesis

_:nd some of the metal binding properties of DM PS were reported in 1956 by___—
“:trunkin (4). DMPS is an official drug of the Soviet Union where it is known

J UnithioL The use of DMSA to increase the uptake of antimony during
schistosomiasis therapy was reported by Friedheim er al, (5) in 1954. For the

Ml

●
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TABLE 1. SOME LIMITATIONS OF BRITISH
ANTI-LEWISITE

1. High toxicity
2 Low [therapeutic index
3. Unplcasam side effects

4. Limited water solubiiity
5. Instability in aqueous solution

6. Must be given by injcetio.n

WATER WLUBLS AND ORALLY ACrIVE

ANALOCS OF BRITISH ANTI LEWISITt

HISH
Ill

ML—

H- C- C- C-CCI (BRITISH AmILEwIsITE)

Ill
SSH
HH

HHH

Ill
H- C- C–C-SO~, Na’

Ill
SSH
H }1

rws—
(2, s-DIsmc4P’rO- l-PsuJPME-

SULFCW41C ACID, Ma SALT)

~ITSiIOL DIMAVAL— , —

iiYHi WA—
Ho -c-c-c-c-a

II
(MESO-DIHtCAYM S4KC1NIC ACID)

Ss
SUCCIMER

HH

FIG 1. Water soluble and orally active analogs of British Anti- Lewisi[e.

next 20 years, many reports about the usefulness of these two dimercapto
compounds appeared in the biomedical literature of the Soviet Union a: ~

mainland China. A few examples of these are cited (6-1 1). During this time.

studies of these compounds by western investigators appear to be virtual])

nonexistent. (For example, it was not until 1975 that Friedheim and Comi
( 12) reported the effectiveness of DMSA in treating mercury poisoning and it
was not until 1976 that Gabard (13) reported the use of DMPS in mercury
chelation therapy). The reasons for the paucity of earlier studies in the West
may be that the synthesis of DMPS is very difficult and its export from the
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Soviet to the West was prohibited. In the case of DMSA, although its
synthesis is not as difficult, the main reason for a lack of investigative studies
in the West appears to be that interest in and funds for chelation research were
very limited. DMSA is called Succimer in (he Soviet literature.

In about ]978, Heyl & Co., Berlin, succeeded in synthesizing and producing
DM PS. This recent availability y has encouraged investigators in West

Germany, Norway and the U.S. to “rediscover” and study the drug with
renewed interest (13- 19). DMPS is marketed by Heyl & Co., as Dimaval. It is
an approved drug in West Germany for the treatment of mercury
intoxication. With the increasingneed for safe and convenient chelating
agents in clinical medicine, Dimaval should become an important addition to

the physician’s armamentarium.

The present paper summarizes experiments in this laborato~ dealing with
the experimental use of DM PS and DMSA in the treatment of poisonings of

the folloting kinds sodium arsenite in mice, kwisite in rabbits and cadmium

,-- “oriole in mice. In addition, a summary of some of the important properties
. DMPS and DMSA that has been retrievedfrom the Soviet literature will be

discussed.

MA TERIALS AND METHODS

Animaf.t. Male mice of the Swiss CD 1 strain (randombred Albino) were

used in most of the experiments unless otherwise noted. At the time they were
used in the experiments, they weighed approximately 25-30 g. Their source of

purchase, their food and conditions for maintaining them have been described
previously (16, 20).

Chemicals. DMPS in the form of its Na salt was a gift of Hey]& Co., Berlin.

Since each molecule of NaDM PS has a molecule of H20 associated with it, a

molecular weight of 228.2 was used in mol calculations. DMSA used for the
rabbit studies was pharmaceutical grade and a gift of Johnson and Johnson.
The,source of the other compounds have been described elsewhere ( 16, 20).

Biological s(udies. The assay of agents that bind and/or mobilize heavy
metals can be based on a number of different measurable responses. The basis
of one type of assay is the prevention or reversal of the lethal or toxic effects of
the particular heavy metal. A second assay is based on the increased excretion
of the metal by the putative metal binding agent. There is, however, increasing
evidence that supports still another mechanism. Namely, a metal binding
agent sometimes forms an insoluble metabolically-inert complex with the
metal. The complex, because of its insolubility, is not excreted from the body.
It remains in the cdl, metabolically-inert and non-toxic. Therefore, it is

--+= ssible that some metal binding agent might I?eYve~ving without increasing
; excretion of the metal. This mechanism has bgxmproposed to explain the

effectiveness of N-acet yl-DL-penicilhninc (2 I). For these reasons we chose, as
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the basis of our initial assays in the present work, the prevention of the lethal
action of NaAsOz. Eventually a quantitative comparison will be made of these
agents as to their influence on the excretion of “As,

The concentrations of the NaAsOz solutions were prepared so that a 25 g
animal would receive 0.050 ml. To quantitate the relative effectiveness of a
compound in protecting against the lethal effects of NaAsOz, the influence of
the administration, i.p., of that compound on the LDW of NaAsOz was
determined by injecting, s,c., various amounts of NaAsQ dissolved in 0.9%
saline. Solutions of the mercapto compounds were prepared immediately
before use in 0.9% saline, adjusted to pH 5.5 using NaOH and the
concentration adjusted so that a 25 g mouse would receive O.IOml. Injections

were made using a 0.25 ml glass syringe with a No. 26 needle of 1/ 2 inch
length. For oral administration, curved 18 gauge oral feeding needles,
purchased from Popper & Sons, New Hyde Park, N. Y., were used. BAL was

dissolved in peanut oil unless otherwise stated.

Stafirtical analysti. When appropriate, experimental results were analyzed
using quantal response methodology. A logistic regression model was used to
fit the experimental data and parameters were estimated using the BMDP
program package (22) on a CDC Cyber 175 digital computer. Median
effective dose and corresponding 95% confidence intervals were estimated
following Finney (23).

RESIILTS AND DISCUSSION

D,VPS or DMSA Protects Mice Againr( lhe Lethal Eflects of Sodium Arsenite

Mice injected with 0.14 mmols NaAsOz/ kg (an approximate LD 100 dose)
and saline, in lieu of mercapto compounds, did not survive (Table 2). The

deaths occurred within 48 hr after arsenic administration. DMPS and DMSA
are potent antidotes (Table 2) when either agent is given intraperitoneall:
immediately after NaAs02. However, two other well-known and clinically
useful chelating agents, D-penici]]amine and N-aatyl-tx-penicillarnine, do

not protect (Table 2) under these conditions. The results with these two
sultlydryl compounds are unexpected since there have been two reports ofthe

usefulness of penicillamine in the therapy of arsenic poisoning of humans

(24-26).
Neither DM PS nor DMSA need be given immediately after NaAs02. The

administration of either one of the compounds can be delayed at least 2 hr and

still be effective (Table 3).

Of greater importana for any therapeutic or prophylactic potential is that
DM PS or DMSA is effective even when given orally 15 min prior to the
administration of the arsenic @mPound (Table 4). Under the pm-sent
experimental conditions, they are effective as oral prophylactics against
arsenic intoxication.
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TABLE 2. PROTECTION BY DMPS OR DMSA AGAINS-
THE LETHAL EFFECTS OF SODIUM ARSENITE (16)
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Chelating
agent+ Cumulative 21day survival

(mmoks kg) No. surviving, No. started
i.p. %

(Saline)” 0/48 o
0.80 DMPS 32/32 100
0.40 DMPS 12/12 100
0.25 DMPS 24! 24 100
0.14 DMPS 21124 67.5
0.07 DM PS 19;24 79
0.25 BAL 22I24 92
0.14 BAL 2/24 8
0.25 DMSA 24/24 IC41
0,14 DMSA 20/24 83
0.07 DMSA 16/24 67

_xo.g13 bpcrs 0/12 o
U.5 mpcn 0/12 o
.X0 N-Ac-oL-PcE 0/12 o

0.25 N-Ac-M-Pcn 0/12 o

●The NaAsq (O. 14 mmol=/ kg) was injcctcd S.C. in Ihc right rear kg.

tw chelating ●gcnt$ were adminis(ercd i.p. imrrscdiately after NaAsC+.
In this and subsqucn{ Tables, the data rcprcscnt tksccombkd results of a number of separate

cxprimcnts. Tlrcdma ~rc combined 10 take advanta~ ofthc rcsuking larger number of animak

for the akubtion of median doses, the statistical evaluation of data and the more economical usc
of publication spncc. Thus. tbs reason for the number of animak in some groups differing from
the number in other groups of thcsamc Tabk is that very often the combined data arc the rcsrsk of

from 2 to 4 separate cxpcrimcnts in which different numbers of animals were used in each
cqscrimcnt. Othcrw& the cxpcnrrscnts were performed unrkr idcncial conditions. None of ths

~pto Compowfs Ikt@i in Tabk 2 arc roxic ● the doses used ●nd ursdcrthemnditiortscsfthc
prvscsstcxpcrimcnts.

TABLE 3. EXPERIMENTAL THERAPY WITH DMPS OR DMSA CAN BE

DELAYED AFTER ARSENIC POISONING (16)

Dithiol and time Cumulative 21-day survival %
●fter NaAsC+ c

*
tms giwn No. surviving,’ No. starred

(Saline) 0/20 o
0.2S DMPS

at 60 min 16, 19 84
at W) min 18;19 95
at 120 tin 1720 85

0.25 DMSA
at Ml min 15, }9 79
●t XI min 19,20 95

at 120min 11/20 5s

.——–. ●AU anirnak roxivcd NaAsC+ (O. 14 mmoks/kg) S.L in the right rar kg. DMPS and DMSA
~crc giwn i.p. At the start o(thc cxpcrimcnt, when NaAsC$ was given, there were 10animak in

_ .ach groiJp. However, in 3 of tbc cxpcrimcntal group& one animal died before DMPS or DMSA
was administcraf. ‘llscrcfor-c, those grosspa wc Iiatcd with 19 instead of the 20 srartcd.
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TABLE 4. PROPHYLACTIC AND ORAL ACTIVITY OF
DMPSOR DMSA (16)

Thiol Cumulative 21day survival
compound No. surviving No. started

(mmoles, kg)
oral ‘%

Saline
1.0 DMPS”
0.75 DMPS
0.50 DMPS
0.25 DMPS
0.12 DMPS
1.0 DMSA
0.50 DMSA
0.25 DMSA
0.12 DMSA

O 28
16, 18
8 10

1620
17 20
0 10
8,8

10, 10
8/ 10
4/ 10

0
89
80
80
85

0
100
100
80
40

The NaAsC+ (0.14 mmolcslkg) was administered SC. in the righ! rear leg. DM PS or DMSA
was given oralIy 15 mirs prior to the NaAsC+.

●The survival of control animals rcaiving 1.0 mmolcs of DM PS per kg and saline. instead of
NaAs~, was 100%

The experiments summarized in Tables 2 [o 4 demonstrate the effectiveness

of DMPS and DMSA in protecting mice against the lethal action of arsenic.
There does not appear to be a great difference between the effectiveness of
these two agents under the present conditions. However, it is clear that D-
penicillamine and N-acetyl-rx-penici! lamine are without beneficial properties
against the lethal effects of arsenic under the conditions used in these
experiments. Although to our knowledge, amenic chelate stability constants
have not been determined for DM PS or DMSA, such constants. as well as the
influence of DM PS in stimulating arsenic excretion, would be valuable in
designing and determining the most effective chelating agent for therapy of
arsenic poisoning.

Meanwhile, the relative effectiveness of a number of metal binding agents,

with particular emphasis on DMPS and DMSA, has been evaluated

quantitatively by determining their activity in changing the LDW of NaAs02 in
mice. In addition, the therapeutic index of DMPS and DMSA has been

determined.

DMPS or DMSA increases the LDm of NaAs02
The LDW of subcutaneously administered NaAsOz was found to be 0.132

and O.127 mmol/ kg in 2 separate experiments. When the data of the 2
experiments were combined and used to determine the L%, it was found to ix
0.129 mrnol) kg (Table 5). The curve is remarkably steep, having a slope of

40.76, if the proportion suwival vs dose model is used. The animals that did
not survive usually died within 3 days after injection.
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TABLE 5. LDW OF SODIUM ARSENITE IN THE MOUSE (20)

NaAs02 Exp. I Exp. 2 Summation
(mmol/ kg, s.c.) Dead Dead Dead

S=d S=d S=d

0.08 ()/g — 08
0.09 0;8 — 08

0.10 0,’8 0;12 o, 20

0.11 0! 8 — 0,8

0.12 1/’8 2/12 320

0.13 3/8 7/12 10, 20

0.14 7/8 12/12 19 10

0.16 — 12/12 12, 12

L% (msnoI/ k~ 0.1315 0.1274 0.1290
95% Cossfiiena (o. I 22,0.260) (0.C410,0. 1s1) (O. 125,0. [39)

intavat

‘---%x wvty ofquantitating the activity of a drug in overcoming the toxicity of
... agent is to determine how much the LDm of the toxic agent is increased by

giving more of the potential therapeutic drug. That is, the toxicit y of the toxic

agent should decrease by giving the therapeutic agenl. When2 i.p. injections
of DM I% (0.80 mmols DM PS/ kg/ injection) are given, one immediately

following and the other 90 min after the NaAsOz, the L% of NaAsOz is

increased approximately 4.2-fold to 0.538 mmol/ kg (Table 6). Urider the same
conditions, but using DMSA instead of DM PS, the L% of NaAsOz is
increased about 4.4-fold to 0.573 mmol/ kg (Table 6). Tbe increase with

DMSA is only about 5~o more than when DMPS is given.Sincethe LDW of

NaAsOz plus DM PS falls within the confidence interval of the LDm of NaAsOz
plus DMSA, it appears that the effect of DMPS and DMSA on the LDW of
NaAsOz is essentially the same under these expimental conditions.

Determhation of l%erapeutic Index

It,was also of interest to determine and wmpare the therapeutic index of
DMPS and DMSA as a measure of their relative po(ency. The therapeutic
index under these conditions was determined by dividing the LDW of the
dimercapto compound by its EDW. The latter value is defined asthe amount of
dimercapto compound (mmol/ kg) protecting 50%0of the animals against the

lethal effects of 0.15 mmol NaAsOz,i kg. Tbe latter dose kills 100% of the
animals in this laboratory.

Tbe L% ofDMPS, when given i.p., was found to be 5.22 mmols kg (Table
7). This value is comparable to tbe value of 5.57 mmols/kg obtained by
Kostygov (9) ●nd 5.02 xnmols/ kg, i.p., in ra% as reported recently by Planas-

---a hne’~ ttl (27). For DMSA, the ~ is 13.58 mmols/ kg (Table 8). It
_ Apes fav6rably with 12.1 mmols/ kg, i.p.,found in mice by Shih-Chun el
al: (1 I),jn Shanghai and Peking and 14.0 mmols/kgdetermined by Matsuda

un -K-’,’,.::~..,
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TABLE 6. DIM ERCAPTO-I-PROPANE SULFONATE OR
MESO-DIMERCAPTOSUCCINIC ACID INCREASES

THE LDW OF SODIUM ARSENITE* (20)

DMPS DMSA
NaAs~

(mmoljkg. s.c.)
No. Dead No. H

No. Started N~ti

0.35
0.40
045
0.46
0.50
0.55
0.60
0.65
0.?0
0.75

0;12
5/24
0;12
2/12
8/24

13/24
18/24

—
23/ 24

—

2,124
8/24
8/36
—

5/24
11/36
15/36
10/ 12
33/36
lzflz

L% (mmo]; kg) 0.S38 0.573
95R Confiden= (0.492. O.f@O) (0.443, 0.708)

interval

●DM PS or DMSA, 0.8fI mmol, kg. was given. i.p. imrnediatcl} af!er ●nd 90 min after NaAs~.

TABLE 7. LDW OF
DIM ERCAPTOPROPANESULFONATE IN MICE (20)

DMPS Dead
(mmols (kg. i.p.) S=d

3.3 0;8
4.0 0’8
5.0 7/16
5.5 5,’8
6.0 7’8
6.6 15:16
7.0 8’8
9.9 88

LDW (mmols kg) 5.22
95E Confidence (4,35, 5.51)

imcrval

(IO) in Japan. An LDW in excess of 16.5 mmols; kg has been repo~ed by
Fnedheim and Corvi ( 12). It is not clear whether this latter higher value is due
to a difference in the mouse strainsusedor isdue to a higher purity of DMSA.
When mice were given NaAs02 (O.15 mmol/ kg) S.C. and 10 min later were
treated, i.p., with different amounts of DMPS, the EDW was found@beo-~
mmol/ kg (Table 9). The E% under these conditions for DMSA waa 0.065
mmol/ kg. The therapeutic index for DMPS or DMSA undertheseconditions
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TABLE 8. LDW OF MESO-DIMERCAPTOSUCCINIC

ACID IN MICE (20)

DMSA Dead
(mmols; kg, i.p. ) S=d

6.0 0/32
12.0 8,/32

13.0 6/12
14.0 9/12
16.0 19,24
18.0 ~~/20

24.0 32/32

LDM (mmols: kg) 13.58
95%Confticncc (11.36, 15.22)

interval

–-.: ,. .,.
_&- .

TABLE 9. DETERMINATION OF THE E% AND THERAPEUTIC INDEX
OF ODIMERCAPTO-1-PROPANE SULFONIC ACID. NaSALT, AND
MESO-DIMERCAPTOSUCCINIC ACID WHEN GIVEN 10 OR 35 MIN

AFfER 0.15 mmok NaAs~/k8 (20)
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Dimercapto DMPS DMSA DMPS DMSA
agent + 10 tin + 10 min + 35 min + 35 min

—

(mmol~ k% i.p.) number surviving,’ number stafied

0.010 0, 24 — o 12

0.015 0:36 — 3!36 —

0.030 1/36 5;24 7/36 1;30

0.040 — 6; 24 — —

o.(n5 6/24 — 8.( 24 —

0.050 10124 — —

0.060 6/24 13/24 18[24 5/3g

0.M75 1524 — — —

0.070 — 9 12 —

0.075 21/24 — —

$ 0.080 — 18:24 — 512

0.090 20/24 — 15/24 3/ 10

0.100 — — — 16’28

0.105 31/36 — 30;36 —

0.120 35/36 — 34’36 8/12

0.125 — 21;24 — 13/ [7

0.150 — — — 21/30

0.160 — — — 6’8

0.200 — — 37 46

O.m — — 3538

~ (mmol/ kg) O.WJI 0.119

—_ Confllfxx (:E% “ (:%. (o.048- (o.071-
.—

interval 0,0?2) “ ‘.“0.M6),“’$.~~::0.072) 0.164)
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was 79 and 209, respectively. When the DMPS and DMSA was given 35 min
after the NaAsOz, the therapeutic index was found to be 86 and 115,

respecti~ely. As can be seen under these conditions, DMSA can be considered
to be a more effective agent than DMPS in protecting mice against the lethal
effects of NaAsOz under these conditions.

Other metal binding agents were also tested for their activity in protecting
against the lethal effects of NaAsOz. Neither D-pen nor ~-Ac-DL-Pen changes

the LDW of NaAs02 significantly at the 957c level of significance (Table 10).
Otheragents(data not shown) that were also found to be ineffective in this
respect are the sodium salt of diethyldithioca rbanate, a-mercaptopropionyl-
glycine, DL-N-acetylhomocysteinethiolactone, and monomercaptosuccinic
acid.

TABLE 10. NEITHER D-PENICILLAMINE NOR N-ACETYL-DL-
PENICILLAMINE INCREASED THE LD= OF SODIUM ARSENITE (20)

none wPen* N-Ac-DL-pen”

MAsc+ Dead ~ ~
(mmois\kg. s.c.) SK4 Started stand

0.10 0/12 0;8 0:8
0.12 2, 12 58 I/8
0.13 7/12 7;8 5/8

0.14 12(12 8’8 4:8
0.16 12/12 8i8 8;8
0.20 — 8/8 8.8

L-% (mmol kg) o.I27 0.119 0.133
95% Con fidcncc (o.080- (0.078- (o.054-

intcnal 0.131) 0.191) 0. 142)

“o-pen or ~-.k-DL-pcn (0.80 mmok, kg) was given. i.p., immediately following and ●l 90 mm
afler the metal bmdlng agent.

DMPS and DMSA Have Anti- Lewisite Activily

The name British Anti-Lewisite is ingrained very firmly in the mind of most
biomedical investigators and physicians. One of the reasons for this is that
most medical students and biomedical graduate students are told, in class, at
one time or another, of the rational discovery and development of this metal
chelating agent as an antidote for Iewisite. This almost necessitates that ar”

compound proposed as a replacement of BAL be shown to have anti-lewisite
activity. Thus, we have tested DMPS and DMSA for their activity in

protecting against the lethal effects of Iewisite. The experiments were begun
last March in collaboration with Drs. Brennie Hackley, Millard Mershon and
Mr. Floyd Brinkley at the BioMed Laboratory at Aberdeen.

Lewisite is an arsenic containing CW agents. It is an oily liquid at 20”. It
causesblisters, tissue destruction and blood vessel injury. Systemic poisoning
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leading to death is possible. As a CW agent, it is considered to be a moderately

delayed casualty agent. IIS chemical formula is shown in Figure 2.
Since the introduction of British Anti-Lewisite at the beginning of World

War II, all of the therapy of prophylaxis of lewisite has been aimed at
chelating the arsenic in the molecule and making it biologically unavailable.
This was the basis of Sir Rudolph Peters’ search for British Anti-Lewisite.

in the present experiments, the rabbit is anesthetized and then shaved.
Using a microliter syringe, lewisite (29.7 ALtnolsjkg) is injected S.C.The volume
of Iewisite injected usually amounted to between 7 and 11 PI, depending on the
weight of the animal. Table 11shows that either DM SA or DM PS will protect
rabbits against the lethal effects of lewisite. Using Iewisite alone, none of the 6
animals survived. [f the animals received 75 ~mols DMSA,lkg at the times
indicated, all of the animals survived. DMSA protects against the lethal

systemic effects of Iewisite. In the second experiment, only i of 6 animals
_—_.receiving kwisite survived; 66% survived when receiving the 75 pmols-m -,

DM PS/ kg regimen; and 50% of those receiving BAL survived. We do not
wish to imply that the effectiveness of these agents against Iewisite is in the
order of DMSA > DM PS > BAL. More data are needed before relative
effectiveness can be stated.

o—otcwmwmlJ - AR93Kua mc+s.cfms

FIG. 2. Chcmirnl formuis for kwisi[c.

* TABLE 11. DMSA OR DMPS WILL PROTECT RABBITS
AGAINST LETHAL EFFECTS OF LEW’ISITE

?day survival

Expt. pmois’ kg* survival start %

I LEW* — 06 0

LEW + 75 DMSA 66 100

II LEW + — 16 17

LEW + 75 DMPS 4,6 66
LEW + 75 BAL 316 so

-—*=-— , $AU agents were given s-c. except BA~ wtsids was given i.a. ‘TIM sIMcd amountofdimercapso
mm~tis Mm@mat+l", W,+l W,+ W&titead Lm. atip. montiy2aA3.

~29.7pmok lcwiskc/ kLLTbcsc expcrimcnta were performed in collaborationwith Drs. B.
Hack3cy, M. Mcr+cm ●od Mr. F. Ikink&.
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The data, however, clearly show that DMSA or DMPS will protect rabbits
against the lethal effects of lewisite. In this respect the compounds can be said
to have Anti-Lewisite activity.

Trec!menf of Cadmium Toxicity

Cadmium is virtually ubiquitous. It is deposited and accumulates in most
body tissues. It is found in all environmental compartments (air, soil, food and
water). The study of cadmium biology has been stimulated by the debilitating
osteoporosis of [tai-ltai disease in Japanese adults and the awareness that the
increased use of cadmium in industrial and agricultural processes has greatly
increased the prevalence of cadmium in the environment {28-30). Along with
this, there has been an increased incidence of both acute and chronic cases of
clinically identifiable cadmiosis (31). In the U.S., although the cadmium
content of the human fetus is about 1 pg. the body burden increases

approximately 30, M10-fold (to about 30 mg) by age SO years (32).

In expesimenttd acute cadmium poisoning, DTPA or EDTA are marginally

effective (30, 33-37) and dimercaptopropanol is contraindicated (37-39). It is

astonishing that no accepted dependable effective drugs have become
available for treatment of cadmium intoxication, especially since the
biological effects of cadmium have been studied intensively during the last 20
years. Thus a number of research groups have been involved recently in a
search for an agent to treat cadmium intoxication (18, 30, 41).

I would like to present in a very brief manner some of the unpublished
results of my laboratory group as to attempts to find a therapeutically useful
cadmium binding agent. DM PS protects mice against the lethal action of
cadmium chloride (Tables 12, 13 and 14). Multiple Iigand therapy, however,
involving CdC~, DM PS and EDTA is ineffective. These observations (Tables
13 and 14) confirm those of PIanas-Bohne (41) and to some extent those of
Jones cl al. (18).

In Table 14 are summarized the results with penicillamine and its analogs.
Under the conditions of these experiments neither penicillamine nor any of its
analogs so tested were active in protecting against cadmium lethality. Recent
work by Yoshida er al. (40) with peptide fragments of mouse metallothionein
is encouraging and should be extended to test peptide analogs of
metallothionein fragments. Our own results are only a beginning and all
studies with cadmium lethality and its therapy should be followed by kidney
function tests.

Clinical Effectiveness in Man

Obviously the results of experiments summarized here and elsewhere
warrant the continued investigation of these metal binding agents and their
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TABLE 12. DMPS PROTECTS MICE AGAINST LETHAL ACTION
OF CADMIUM CHLORIDE BUT MULTIPLE LIGAND THERAPY

IS INEFFECTIVE

CdC12 Chelator(s)
Cumulative 28day sumival 7(

Group
(mmol/kg) (mrnol kg)

(i.p.) (i.m.) No. surviving, No. started

I 0.06 +

II 0.06 +

Ill 0.06 +

Iv 0.06 +
v O.(M +

VI 0.06 +

VII 0.06 +
%’1[[ 0.06 +

Ix 0.06 +

x 0.06 +
A_.

xl 0.06 +:

XII (Safk) -t

(saline)
1.0 DMPS
0.4 DMPS
0.2 DMPS
0.50 CaN~EDTA
0.10 CaN~EDTA
0.05 CaN~EDTA
l.ODMPS&
0.50 CaN+EDTA
0.40 DMPS &
0.10 CaN~EDTA
4L20DMPS&

,0< JO CaNqEDTA
0.20 DM PS &
0.0S CaNqEDTA
1.00 DMPS

13,56
19’20
i2; m
6;30

12; 18
8’m
4,18

10, 10

2/12

3/12

3/10
9, 10

23
95

60
20
67
40
22

loo

17

25

30
90

●The i.m. injections wem given 60 tin after the i.p. injection of Cd.
fllw one ●nimal that did SSOIsurvive in this group died on Day 21. Dcah ●ppeared to bc the

masdl of fighting.
$Whca saline was given Lp. instead of CdC$ ●nd any of the following were give. i.m.

(mmol;kg) the survival was 100%: DMPS (0.80) or (0.20); CaK~EDTA (0.50) or (0.05); DMPS
(1.0) & CaNqEDTA (0.5): DMPS (0.20)& CaNa2EDTA (0.05).

TABLE 13. DMPS GIVEN ORALLY INCREASES THE SURl”{VAL OF MICE
RECEIVING CADMILM CHLORIDE (0.06 mmol kg) LP.

TIrrrc ●fter CdC$ that Cumubst ive 284ay survival

$ DMPS (IO mmcd‘kg)” No, surviving No. startat
Group was given or+ %

(rein)

I –t. –, 1:16 b
II +10, + 90. 10 16 62

Ill +10. + 90. 13 15 Lll
Iv —, + 90, 10 lb 62

Thefollowing groups arc
controls and recci~d
saline in place of CdC$

v +10, —, 14~16 88
VI +10, + 90. 16~16 100

g—> . , ‘Vj; ,—. +90, 16/16 100,-’.

h “&ssoss&d DMPS’@vcn ai each tin=
. .. ~lf DM~ wasssoladmioistcmLsatiricw= giversiA its place.

; . .- . .’.’.7... .“,.: ,<i. .4-. .l .:;.,.,,,. . ) ,,: .,,, ~.’,.-,,>, .. . . . . ,.
% . ...,”..” .,: ..,....,.,, ,,, . .. .

,j ‘ .Jj:;!.; :.,:;’’’’””;.:::+-.: .::::-;::
..:: .: 2 :“’’”: !’:’ : ,,4: ,,. ,..,,/,
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TABLE 14, NEITHER PEN ICI I. I.AMINE NOR ITS AN AI.OGS PROTECT MICE FROM
THE I, ETHAI. EFFECTS OF CADMIUM

CdCll Thiol compound
Group

Min af!er CdC; Cumulative
(i.p.) (oral) ~hat thiol cmpd, 28-day survival %

(mmol/kg) (mmol/ kg)*

1 0.06 + (saline) — 2/32
II

(r
0.06 + 1.0 N-At-Pen +10:+ a. + IJJO I/u

Ill
13

0.06 + 1.0 N-Ac-Pcn +lo. +—, +— 0/x o
Iv (saline) + 1.0 N-Ac-Pcn +10, +90.+ 180
v

8/u 100
0.06 + 1,0 D-Pen +10, +90. + 180 15/ 16

VI
94

0.06 + 1.0 D-PCI’I +lo, +—, +— 0/H o
Vll 0.06 + 1.0 *Pen +10, +90, +— 1/8 12

VIII (saline) + 1.0 D-Pen +lo. +—. +—

lx
8/8 I 00

(saline) + 1,0 o-Pen +lcs. +90, +— 7/8

x
88

(saline) + 1.0 bPcn +10. + 90. + 180 718
xl

Utl
0.06 + 1.5 N-Ac-thiolisoieuc +10. + 90. + 180 Olx o

X11 0.06 + 1.0 N-Ac-thiolisoleuc +Io, +90, + 180 3/ 16 19
X111 (saline) + 1.5 N-Ac-thiolisoleuc +10, + 90. + 180 6/8 75
Xlv 0.06 + 1.0 N-Ac-thiolisoleuc +lo. +—. +— 6/1? 7s
xv (saline) + 1.0 O-thiolisrrleuc +10.+—,+—. J/u 38

Xvl (saline) + 1,0 t3-thiolisoleuc +lo. +—. +— 9/9 100

●Amoun! given at each stipulated time.
~Thcsc resultsare the sum of 4 separatecxpcrimen!s
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clinical use in the treatment of heavy metal poisoning. There have heen recent
reports that confirm their effectiveness in human therapy. DMSA was found
to be useful in the treatment of a 46 year-old man who ingested 2000 mg of
arsenic in a suicide attempt (42). Treatment with 300 mg DMSA every 6 hr

p.o. for 3 days caused an increase in the urinary excretion of arsenic with <

event ual recovery. DM PS has also been effective in human arsenicpoisoning

(Wager, personal communication). Friedheirn er d, (43) in an extension of
experiments with experimental animals have reported the effectiveness of
DMSA in treating lead poisoning and that it increases the urinary excretion of
lead in smelter workers. DMSA was well tolerated and no signs of toxicity

were evident. The usefulness of DM PS in the lraqi mercurydisaster has been

,i- TABLE 15. COMPARISON AND SUMMARY OF SOME OF THE
. ;.ig INFORMATION ABOUT AND PHARM~LO@CAL PROPERTIES

———...-—
.,:,. :m .“; ,., ..,. ,F .. . . OF DMPS AND DMSA i -Ii. ... .

JQ-DisncmapoPmPam14 ulfoMte. Mwso-2&hcrcaptosrsehic acid
Na salt (DMPS, unithiol dimaval) (DMSA. -user)

1.

2.

3.

4.

S.b

6.

7.

&
9.

Syntlscskd in 1950-5! ●t the Ukranian
Rcs. Inst. for Health-Chemistry by
Pctrunkin. Puk4istrcd in 1956 (4).

CrystafIins powder, readily solubk in
water. Vcty stabk during sterilization

●nd long-term storage.

Low toxicity. well tokratcd even for
chronic use, but DMSA is l= toxic (20).
Major toxic effect of high dose is
hypomnsion (6. 8).
D6tribotcd in cxtraczllular space,
exclusivdy ( 14). Excretion is urinary and
rapid (14). Metabolic involvement
supposedly none.
Effcetive antidote for As, Hs. Sb, Ag.

Au. C% Cr, Pb. Po, Co, (6, 7, 16, 20,
4549)

Urinary excretion of Cu and Zm Increase
Fe, Co, Mn or Ni excretion. none or
minimal (55).
Increass bile fbW.

Tttcrwxsstic dose ●bout 250 mt for

1.

2

3.

4.

5.

6.

7.

8.
9.
...c

Ftiwdttcirm 1954. uwcd SbDMSA to
itscreaac Sb uptake in schistoaomiasis
tbempy (5). (Irttenaiwfy studied by

maintand Chinese. 1959, for therapy of
ecaspatiortaf tmtaf poisoning ( I I).
Primary Soviet investigator since W65
has trccn Okonishnikova (501

Crystalfinc powder. Muss be brought to
pH >5.5 bcfors compktely solubk in
water. Stabitity during sterilization and
long term stomgc unknown_
Toxicity is about 2.5 times kss than
DMPS (20).
Major toxk cfkr of high dose unknown
w prcscrw
Distribution in body compartments
unknown at prcacnt.

Efhive antidote for As, Pb. Hg. Zn ( 16,
20, 50-54)

Urinary exrzdion of Co, Fe. Mrt.Cu. or
Zm none or minimal (43).

Effect on Me flow unknown.
Ttsmocwtk dosw from 0.5 to 2 k for
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documented recently (44). In fact DM PS, as D] MAVAL, is an approved drug
in West Germany for the treatment of mercury poisoning.

There are many reports in the Soviet literature dealing with DM PS and
DMSA both in experimental conditions or for human therapy. Some of them
are cited in the summary of the properties of these two very important metal
binding agents listed in Table 15. Obviously, these two water soluble analogs
of BAL that are advantageous as to overall effectiveness and low toxicity can
be expecwd to replace virtually all the therapeutic uses of British Anti-
Lewisite.

SUMMARY

Water soluble analogs of British Anti-Lewisite that are active orally and less

toxic than BAL ●rc now available. These agents are 2,3dimercapto-1 -
propanesulfonie acid and meso-dimereapt osuccinic acid. Evidence for their
effectiveness in preventing the lethal effecls of sodium arsenite in micx and
Iewisite in rabbits is presented. These analogs can be expected to replace BAL

in the treatment of heavy metal poisoning.
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